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BACKGROUND

In the late 1950s the American Association of State Highway and Transportation
Officials (AASHTO—then AASHO) constructed a large-scale experimental paving
project to better understand the issues related to pavement design, construction, and life-
cycle performance of pavements. A significant result of this study was a realization that
flexible pavements exhibited higher variability than expected. This finding led to several
refinements in specification systems. One of the refinements was the introduction of
statistical measures to better quantify the mean values and variances of layer and material
properties with a focus on hot mix asphalt (HMA). A second refinement was the
increased use of specification systems that focus on pavement quality rather than on
standardized construction practices. Most modern specification systems incorporate one
or both of these elements.

To better control HMA quality, most specification systems attempt to balance the
risk of poor performance between the state department of transportation (DOT) and the
contractor. These systems generally grant greater autonomy to the contractor during the
design process and construction. In exchange for increased autonomy, the contractor
assumes a portion of the project risk. This provides motivation to the contractor to
deliver a quality product, while the autonomy and design involvement encourages
efficient and innovative designs and construction practices.

These trends have redirected the emphasis of specification systems toward the
delivery of quality, cost-effective pavements, rather than merely focusing on pre-
established construction guidelines. In pursuit of these goals and to limit their own
testing burden, many state DOTs are beginning to use all available information to better
control HMA quality (Hughes, 2005). This practice entails the use of contractor quality
control (QC) data as part of the acceptance process. A prerequisite to using the QC data
is that they must be validated. Currently, several different methods are available to
validate QC results, ranging from simple one-to-one comparisons of split samples to
statistical F and t-tests. This project utilized F and t-tests to determine whether there are

statistically significant differences between reported QC and quality assurance (QA)
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measurements. The QC results are only validated if the mean values are not statistically
different at a given significance level. Note that this method of validation is not based
upon engineering considerations but merely mathematical criteria. The assumption
inherent in this validation procedure is that with a relatively small number of samples,
any differences between mean QC and QA values that will adversely affect the behavior
of the material will also be detected by the statistical analysis. This is one approach to
comparing QA and QC results. Such statistical procedures do not assess which data set is
actually more “correct.”

In the past, QC data generally have been omitted from the decision making
process as the benefits of its inclusion were outweighed by the concern that a contractor
would report biased values in comparison to the QA results gathered by the state DOT.
This concern has begun to fade. In 1993 an unpublished report entitled Limits of the Use
of Contractor Performed Sampling and Testing (FHWA, 1993) recommended that
contractor quality control data be used in the quality assurance decision for HMA
projects. This recommendation was written into law in 1995 with the enactment of 23
CFR 637 (Code of Federal Regulations, 2007). (Appendix E contains the complete text
for 23 CFR 637.) This regulation allows for the use of a contractor’s QC data in the QA
process for all federal-aid highway projects with the conditions that (1) the contractor’s
technicians and laboratories must be qualified to perform the sampling and tests, (2)
verification samples and testing must be done independently of QC to assess the quality
of the material, and (3) an independent assurance program is used to assess the QC
sampling and testing. The intention of this regulation is to assure the quality of HMA
pavements by using all available test data in the acceptance process.

In 2005, the National Cooperative Highway Research Program (NCHRP)
published a summary of state quality assurance programs (Hughes, 2005). In the report,
Hughes noted that there is significant confusion as to the meaning and proper
implementation of the independent assurance (IA) requirement contained in 23 CFR 637.
Hughes noted that there are two definitions for this term. The first is that the independent
assurance program is meant to validate the contractor’s testing procedures and results. In
this interpretation, the state DOT and the contractor conduct identical tests on split

samples to determine whether there are statistically significant differences between the



test results. This system measures testing variability. The second interpretation of IA is
that it is to provide an assessment of the resulting product, rather than the contractor’s test
results. This requires that the verification samples be taken at separate locations
independent of the QC program so that comparisons to the overall quality of the HMA
can be determined. According to the report, both interpretations are currently being
utilized by state DOTs. Optimal Procedures for Quality Assurance Specifications
(FHWA, 2003), or OPQAS, states that the first system should be called “test method
verification” and that the second should be termed “process verification” to eliminate

confusion.



LITERATURE REVIEW

OVERVIEW

Federal Regulation 23 CFR 637 appears to have increased, rather than decreased,
the amount of QA testing that state DOTs perform on many highway projects (Hughes,
2005). In part, this increase in testing is a response to the [A requirements written into
the regulation, but it is also motivated by a concern about using potentially biased
contractor data as part of the acceptance process. A study recently conducted at Auburn
University examined the possibly biased reporting of QC results (Parker and Turochy,
2006). The study concluded that contractor-performed tests should only be used for QC
of hot mixed asphalt concrete. This conclusion was based upon statistical analyses of
data provided by several state DOTs. The premise of Parker and Turochy’s approach
was “that contractor-performed tests can be effectively used in quality assurance if they
provide the same results as state DOT tests.” In addition to determining whether
statistical differences occurred between QC and QA measures at both the statewide and
project levels, the study examined which measures (QA or QC) provided a smaller
standard deviation and was closer to target values. The study concluded that QC
measures were more likely to have smaller variations and to be closer to target values.
According to the authors, these results indicated a bias on the part of contractors to report
more favorable values.

In response to this opinion and to the report’s overall conclusions, the National
Asphalt Paving Association (NAPA) by letter to the manager of the NCHRP overseeing
the Auburn study noted much higher QC testing frequencies and, as a result, greater
contractor proficiency in testing and sampling procedures. NAPA noted that as a result
of the higher testing frequency, reported variances should be smaller and more accurately
reflect the actual variation of the total population (Newcomb, 2007).

The Auburn study largely took the view that if the QC results appear to be biased
toward reporting more favorable values than the QA program indicates, QC results

should not be used for acceptance purposes. The question becomes what results are



observed by comparing data from the states of California, Minnesota, Texas and
Washington. This report will attempt an answer.

In addition to a statewide analysis, the Auburn study (Parker and Turochy, 2006)
examined results of QA and QC measurements at a project level for data obtained from
Georgia, Florida, Kansas, and California. The analysis was similar to the approach taken
by this study. Because state highway agencies make acceptance and pay factor
determinations at a project or lot level, comparing data at this level is relevant to the
discussion of using QC test data. Another benefit of comparing data at the project level
is that the number of samples in the testing populations is small in comparison to those
for a statewide analysis. The statistical tests are dependent upon the sample sizes to
determine both the t-statistic and the critical t values. As the sample size increases, the t-
statistic increases, and the critical t-value decreases. This increases the probability that
small differences between mean values will be statistically significant. The magnitude of
these significant differences can easily be smaller than the inherent variability of the
testing procedure. Thus statistical tests on sample sizes that are much larger than those
typically found at the project level may not be relevant to the discussion.

A summary of the Auburn study’s project-level analysis is shown in Table 1. The
California data indicate that a slightly higher percentage of projects exhibited statistically
significant differences between mean values and variances than were found for this study.

Overall, however, the two studies produced similar results.



Table 1. Summary of State Data Contained in the Auburn Study (a = 0.01)

Projects with

Number Projects with Statistical
of Statistical Differences
Projects Differences between Mean
between Variances Values
# #
Projects Y% Projects %
8 12.3-mm  (1/2") 35 2 5.7% 0 0.0%
Q
§ 75-um (#200) 35 3 8.6% 2 5.7%
L} 5 ASpha&(’;O”te”t 41 1 2.4% 1 2.4%
B
8 £ 12.3-mm  (1/2") 114 13 11.4% 10 8.8%
§§ 75-um (#200) 126 15 11.9% 13 10.3%
o ©
29 ASphazf%C;O”te”t 114 12 10.5% 10 8.8%
12.3-mm  (1/2") 29 3 10.3% 1 3.4%
9.5-mm (3/8") 29 2 6.9% 0 0.0%
4.75-mm (#4) 29 4 13.8% 0 0.0%
® 2.36-mm (#8) 30 3 10.0% 1 3.3%
(0]
g (#16) 29 1 3.4% 1 3.4%
& (#30) 29 0 0.0% 2 6.9%
§ 600-um (#50) 29 2 6.9% 1 3.4%
(#100) 29 2 6.9% 1 3.4%
75-um (#200) 30 6 20.0% 2 6.7%
Asphalt Content
g P ) 30 3 10.0% 0 0.0%
f 12.3-mm  (1/2") 25 5 20.0% 1 4.0%
9.5-mm (3/8") 24 3 12.5% 2 8.3%
® 4.75-mm (#4) 25 5 20.0% 2 8.0%
[0)
g 2.36-mm (#8) 25 5 20.0% 1 4.0%
) (#16) 25 1 4.0% 1 4.0%
§ (#30) 25 1 4.0% 1 4.0%
§ 600-um (#50) 25 2 8.0% 1 4.0%
E (#100) 25 1 4.0% 1 4.0%
75-um (#200) 25 0 0.0% 2 8.0%
ASphazﬂz’;O”te”t 26 3 11.5% 2 7.7%




Table 1. Summary of State Data contained in Auburn Study (a = 0.01) continued

Projects with

Projects with

Number of Statistical Statistical
Proiects Differences Differences
) between between Mean
Variances Values
# o # o
Projects ° Projects °
@ g 2 Air Voids (%) 24 5 20.8% 0 0.0%
2 g g Gunm 23 2 8.7% 3 13.0%
O ®©
X 2O %Gimm 24 13 54.2% 11 45.8%
19- or 12.5-mm (3;//42",,;” 77 17 224% | 18  23.4%
8
o e 9.5-mm (3/8" 86 17 19.8% 19 22.1%
§ & 4.75-mm (#4) 86 20 23.3% 12 14.0%
= 3 2.36-mm (#8) 86 23 26.7% 14 16.3%
O g 600-um (#30) 86 20 23.3% 13 15.1%
©
£ 75-um (#200) 85 31 36.5% 25 29.4%
Asphalt Content (%) 82 26 31.7% 26 31.7%

TYPES OF SPECIFICATIONS

Currently, a multitude of specification systems are used throughout the United

States that govern the acceptance and construction of HMA pavements. These

specification systems vary in their distribution of risk, allowance of contractor autonomy,

and in the definition of successful HMA pavements. This section is largely a summary of

information in TRB Circular E-C037 (2002). The discussion is included to briefly recap

current and past systems.

The oldest specification system is the methods approach. In this system the

controlling agency specifies both the materials and the construction processes to be used

by the contractor. The contractor is neither rewarded nor encouraged to be creative in the

construction process. A successful HMA pavement is defined as one that is constructed

according to the specifications, largely independent of actual pavement quality/

performance. The state DOT assumes the vast majority of the risk in this system. The

benefit to the state is that it requires only a simple test for acceptance of HMA




pavements. However, a recent survey (Hughes, 2005) revealed that the limitations
imposed upon contractors, the simplified definition of success, and the unbalanced risk
distribution of this system have result in it being used by only two state highway
agencies.

Perhaps the most common specification systems, employed by at least 21 state
highway agencies, are quality assurance specifications. These systems are alternatively
called QA/QC specifications. These systems divide the responsibility of producing a
quality HMA pavement into process control (QC) conducted by the contractor and
quality assurance (QA) performed by the SHA. The focus of these systems is usually
measurement of material properties such as density, asphalt content, and gradation within
certain ranges to control the quality of product. The systems allow the contractor greater
autonomy to control and streamline the process by which the HMA is produced. The QA
program is used to provide an independent evaluation of both the construction method
and of in-situ HMA properties. Statistical analysis of both QA and QC test results are
common and allow for both the average and the dispersion of measured parameters. In a
QA/QC system risk is shared between the contractor and the SHA (although the risks are
not necessarily the same).

The latest specification systems are oriented toward the actual and predicted
performance of HMA pavements. These specifications include one or more of three
approaches. The first is to require contractors to warranty pavement performance for a
set period of time at a specified minimum level of service. This should allow the
contractor significant autonomy in the construction process while ensuring a minimal or
no rehabilitation cost to the state DOT for a set time period. Warranties also place the
short-term risks of poor performance entirely on the contractor, motivating quality
workmanship. The second approach is to measure mechanical properties of constructed
HMA pavements. These properties are then used in conjunction with anticipated traffic
loads to model the deterioration of the pavement over time. Typical mechanical
properties of interest are resilient (or dynamic) modulus, creep, and fatigue
characteristics. The high cost and time requirements of this system make it generally

unappealing at present to both contractors and state DOTs. The final approach is to



predict future performance by using empirical relationships based upon easily obtained
properties such as density, asphalt content, pavement thickness, and gradation.

Any specification system that allows QC results to be used in the QA process
should provide adequate protection against the possibility of accepting sub-par
pavements. In part, this eventuality can be prevented by using statistical F- and t-tests to
compare the mean values and variances of QC and QA measurements. These controls
can identify relatively small differences between the two testing programs with only a

minimal number of state DOT testing requirements.



RESEARCH METHODOLOGY

OVERVIEW

The purpose of this study was to determine the percentage of state DOT projects
for which a statistically significant difference exists between the contractor’s QC and
state’s QA test results for HMA pavements. The study tracked average differences
between QC and QA test results when statistically significant differences were not found
between the two measures. The rationale behind this approach was that QC results could
be used for pay factor determination if they were statistically similar to the QA tests. The
material parameters analyzed as part of this study included asphalt content, aggregate
gradations, air voids, and in-place density. The California, Minnesota, Texas, and
Washington State DOTs provided data.

A short review of common statistical terms and concepts follow.

STATISTICAL PROCEDURES

Statistical analysis represents a tool for describing populations that have inherent
variations. For this study, a population was defined as the entire HMA production in a
given lot or project. Tests are conducted at discrete points within a population to
determine parameters such as the mean or standard deviation (or variance). The test
results are combined to form a sample set of the overall population. As the testing
frequency increases, the number of results in the sample set increases, and the sample
more accurately reflects the overall population’s true mean and variance values. In the
extreme, if every possible test location were tested, the sample set would match the
population.

The most common measure used to describe either sample sets or populations is

the mean. The mean is the average or expected value and can be used to describe either a

sample set or a population. The mean is denoted as x and is defined as:

n
DX
X, +X, 4k X,

X= = (1)
n n
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The variance of a sample or population is another commonly used statistic. The
variance is a measure of the scatter of individual measurements about the mean value. A

small variance is reflected in a tight clustering of values about the mean, whereas a large

variance indicates that the values are widely spread. The variance is denoted ass*. The
square root of the variance is the more common measure, termed the standard deviation,
and is denoted by Sor 0. The definition of the variance is:
o 20X )
n-1

The normal distribution is a statistical tool used to model the distribution of
continuous variables in a population. The normal distribution is a bell shaped curve that
can be characterized fully by two parameters, which are the mean and standard deviation.
For HMA pavements, normal distributions are usually used for properties such as density,
air voids, and gradations, as they are a reasonable approximation of observed values. The
normal distribution is not an exact measure, however, as it predicts both excessively large
and even negative values at extremely low probabilities.

The Student’s t-test is a statistical procedure for determining whether differences
occur between two sample sets at a given significance level. For this study, the Student’s
t-test was used to detect statistical differences between the means of the QC and QA
testing programs. The assumptions involved with the t-test require that both samples be
taken from normally distributed populations. These assumptions are appropriate for
HMA pavements because the tested parameters can be reasonably approximated with a
normal distribution. A significance level of a = 0.01 was used for this study’s t-tests. At

this significance level there is 1.0 percent chance of rejecting a null hypothesis when it is

actually true. If the magnitude of the significance level were increased (say a = 0.05), the
allowable difference between the QC and QA programs would be reduced, and the
percentage of projects that exhibited statistical differences would get larger. The null
hypothesis for all tests in this study was that the means of the QC and QA tests for each
project were equal. The a level was thus a measure of the contractor’s or seller’s risk.
The magnitude of o was chosen to be consistent with current SHA systems that utilize

QC data and the Parker and Turochy study. Other a levels could have been used.
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The Student’s t-test is based upon the t-statistic and can be used with both paired
and unpaired sample sets. Paired sample sets (for example) occur in HMA pavements
when both a state DOT and a contractor perform tests on split samples. The pair of
samples relate to the same material of the total population. Independent or unpaired
samples occur when SHA and contractor tests are taken at different locations. Gradations
are more likely than density or air-void contents to be composed of paired sampling.

The null hypothesis for this study for unpaired data using a two-sided Student’s t-
test was that there is no statistical difference between the mean values of QC and QA
results. Expressed mathematically this is:

X =0 (3)

Alternate Hypothesis  H, : Xoc —Xoa # 0 (4)

Null Hypothesis H, :g - X

The t-statistic with unequal sample variances was defined as:

Xoe — Xon
t=d—— 5)
Sec , Son
Noc Noa
where Noc =# of QC test results
Noa =# of QA test results
The t-statistic with equal sample variances was defined as:
Xoc — Xon
t=— = 2 6)
1 1
Sy [—+—
Noc  Nga
where S, = the pooled standard deviation and was defined as:
52— Sczgc (ch - 1)+ S(ZQA (nQA - 1) (7)
2=

Noc +Nga —2

The t-test also depended upon the number of both the QC and QA sample sizes.
The sample sizes were used to compute a single measure of the number of degrees of
freedom of the test, denoted dr. This is an important concept in that small sample sizes

reduce the resolution of the t-test. Thus it was necessary to have a sufficient number of
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both QA and QC test results to utilize the t-statistic. The dr is used to obtain the critical t-
statistic value for comparison to the calculated t-statistic.

For unequal sample variances, the degree of freedom was calculated by using

Equation 8.
d. = [(SeQC )z + (SeQA)Z]Z (8)
f (S’eQC)4 N (SeQA)4
Noc =1 Ny —1
Sac
where Seoc =

For equal sample variances, the degree of freedom was calculated by using

Equation 9.
di =Ngc +Nop —2 9)

The t-test is then performed by obtaining a critical t-statistic from published tables
or by calculations that depend upon the significance level and sample sizes. The
dependence of the critical t-statistic on the sample size and significance level is shown in

Figure 1.
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Critical t-statistic

0 5 10 15 20 25 30 35 40 45 50
Sample Size

—o— Significance Level a = 5% —@— "Significance Level a = 1%"

Figure 1. Critical t-Statistics vs Sample Size and Significance Level

If the calculated t-statistic is less than the critical t-statistic (based on the

significance level), then the null hypothesis is not disproved (hypothesis testing, by
necessity uses somewhat ambiguous language—if the null hypothesis is “accepted” then
the official statement is that one fails to reject the null hypothesis). If the calculated t-
statistic based on the data examined is larger than the critical t-statistic, then the null
hypothesis (Ho) is disproved, and the alternate hypothesis (H1) that the means are
different is accepted.

F-tests can be used to detect statistical differences between the variances of the
QC and QA samples. The F-test compares the ratio of the variances of the QC and QA
test results. The F-test requires the same assumptions about the underlying population
distribution as the t-test (i.e., normal distribution).

The F-statistic can be calculated as:

SZQA
F= . (10)
QC
Null Hypothesis H, :S%qc =S’ (11)
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Alternate Hypothesis H, :S%qc # Son (12)

As with the t-test, the final step is to calculate a critical F value based upon the
sample degrees of freedom. If the calculated F-statistic based on test results is greater
than the critical F value for a given significance level, the null hypothesis is rejected and
the variances are not equal. If the F-statistic is less than the critical F value, the null
hypothesis is not disproved, and the variances do not show statistically significant
differences at the given confidence level. This test should be run prior to the use of a t-

test, as it is necessary to determine how the t-statistic should be calculated.
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DATA ANALYSIS

CALIFORNIA DEPARTMENT OF TRANSPORTATION DATA

Caltrans provided data from approximately 30 projects that had been constructed
from 2000 to 2006. These projects were constructed according to Caltrans HMA
Specification Section 39, presumably reflecting the version of Section 39 in effect at the
time of construction. This is noted since Caltrans Section 39 has recently undergone a
major revision.

Caltrans organizes the QC and QA information into Excel files that perform
statistical tests on mean values and variances for each lot within a project. In addition to
the statistical analyses, Caltrans compares the results of tests that exhibit statistical
differences to specified allowable testing difference (ATD) criteria to determine whether
the differences are not only significant statistically but also significant in comparison to
the allowable testing difference. If the test results are verified by statistical or ATD
criteria, the QC values are used to compute the project pay factor.

In accordance with 23 CFR 637, the Caltrans standard specification calls for both
the QC testing procedures to be verified independently. The validation of the QC
sampling procedures (or test method verification) is accomplished by comparing the
results of tests on split samples for asphalt contents, gradations, and theoretical maximum
densities for a production start up evaluation or test strip. Caltrans also requires that the
engineer responsible for QA obtain and test representative samples for in-place density.
In this manner, Caltrans satisfies the IA requirements called for in 23 CFR 637.

To verify the contractor gradation, asphalt content, and compaction test results,
California requires testing of independent samples (process verification). The mean
values of the test results are compared by using the Student’s t-test with an a level of
0.01. Note that the Caltrans specification does not require an F-test to be conducted to
determine whether the sample variances are equal. The sample variances are assumed to
be equal, and the t-statistic is calculated as such. For this analysis, F-tests were

performed to determine whether the variances were equal. On the basis of the result of
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the F-test, the t-statistic was computed accordingly. Significant differences between
variances were detected in lots at rates varying from 11 to 32 percent for the Caltrans
data.

The allowable testing difference, or D2S filter, compares the difference between
QA and QC test results to predetermined or negotiated testing variations to determine

whether they are significantly different. The ATD between test means is calculated as

follows:
Y
d- :2S{L+i} (13)

where:

d- = allowable testing difference between means

S_ = Precision Index for the test method from Table 2

r

n, = number of contractor’s quality control tests (minimum of two required)

n, = number of state quality assurance tests (minimum of one required)

The Precision Index could also be thought of as the recognized standard deviation

of the test method.

Table 2. California Precision Indices
California
Test Precision Index
Designation
19-or 12.5-mm  (3/4" or 1/2") 0.90%
§¢ 9.5-mm (3/8" 2.40%
-— (,—) _ 0
% " 4.75-mm (#4) 202 2.00°A)
5 3 2.36-mm (#8) 1.40%
2 600-um (#30) 1.10%
75-um (#200) 0.70%
o,
Asphalt Content 379 0.23%
® 382 0.18%
< Sand Equivalent (min.) 217 8
% Hveem Stabll_ometer Value 366 6.6
o (min.)
o ) )
.. | Percent of Theoretical Maximum o
g Density 375 0.88%
© Theoretical Maximum Density 309 .03 g/cc
Percent Air Voids 367 1.6
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The contractor’s QC test results are verified if either the statistical or the ATD test
conditions are met. Table 3 is a summary of the available data (a total of 46 individual
lots) provided by Caltrans. These data show that a small portion of testing data for the
lots was invalidated when both statistical and ATD criteria were applied. Invalidated for
this table means that the difference between the QA and QC testing programs was
determined to be statistically significant and larger than the ATD.

Table 3. Analysis of California Data (o = (0.01, D2S Filtering)
Lots with
Statistical
Differences
between Rate of
Mean Values Occurrence of
# of and ATD Invalid QC
Lots Differences Results
(3/4"
19- or or 46 3 6.5%
12.5-mm 1/2")
5 _g 9.5-mm (3/8") 46 1 2.2%
g 7
o Q 46 0 0.0%
(‘DE 3| 475-mm  (#4) °
2| 2.36-mm  (#8) 46 2 4.3%
600-um (#30) 46 6 13.0%
75-um (#200) 46 5 10.9%
Asphalt Content 44 5 11.4%
_ % Sand Equivalent 24 0 0.0%
2 g Stability Value 22 1 4.5%
O g Moisture Content 11 0 0.0%
- Relative 34 4 11.8%
Compaction

All t-tests were calculated assuming equal sample variances.
Invalid QC results in last column simple implies a statistical rejection.

N —

As shown above, relative compaction, asphalt content, and percentage passing the
No. 30 and 200 sieves were the most likely parameters to be reported with both statistical
and D2S differences.

Table 4 shows the percentage of projects that exhibited statistical differences
between the mean values or variances. The ATD filter used by Caltrans was not included
for these results. The results are for an a significance level of 0.01 and show higher rates

of occurrence than the results presented in Table 3.
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Table 4. Analysis of California Data (o = 0.01, No ATD Filtering)

Lots with Lots with

Statistical Statistical
Differences Differences

between between

# of Lots Mean Values Variances

19-0or 12.5-

c3 mm (3/4" or 1/2") 46 5 11% 5 11%
% UN) 9.5-mm (3/8") 46 8 17% 5 11%
'('i, o 4.75-mm (#4) 46 4 9% 6 13%
o % 2.36-mm (#8) 46 5 11% 7 15%
= 600-um (#30) 46 9 20% 8 17%
75-um (#200) 46 5 11% 10 22%

® Asphalt Content 44 11 25% 11 25%

. g Sand Equivalent 24 1 4% 3 | 13%
g % Stability Value 22 9 41% 4 18%
§ Moisture Content 11 0 0% 0 0%
Relative Compaction 34 6 18% 11 32%

Despite the overall increase in frequency, the general trends were similar to those
observed in Table 3, with increased significant differences being detected for finer
gradations, relative compaction, and asphalt content measurements. Note that stability

mean values were statistically unequal in 41 percent of the lots.

WASHINGTON STATE DEPARTMENT OF TRANSPORTATION DATA

WSDOT provided test results for seven HMA projects that were completed
between 2003 and 2007. WSDOT’s North Central Region had examined these projects
to determine the potential benefits of using QC data. According to information provided
by WSDOT, the QC results examined in the study were not subjected to a verification
process or used as part of the acceptance decision. There was a 60 to 200 percent
increase in the amount of available test information when QC results were submitted to
WSDOT. The WSDOT information noted a 50 to 75 percent reduction in agency testing
requirements as a result of the additional information.

WSDOT did not use the QC information as part of its acceptance or pay-factor
decisions. This fact complicated the comparison of these data to those from Caltrans. A

risk associated with using QC data is how the possible economic pressures and potential
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biases affect QC testing results. In the WSDOT program the QC tests did not affect the
contractor’s payment, so these pressures were not present.

The WSDOT data are presented in Table 5.

Table S. Analysis of WSDOT Data (a = 0.01)
Job Mix
Formulas Job Mix
with Formulas
Statistical with
Differences | Statistical
between Differences
# of Job Mix Mean between
Formulas Values Variances
19-mm (3/4") 10 0 0% 0 0%
% 12.5-mm (1/2") 10 2 20% 1 10%
NQ 9.5-mm (3/8") 10 3 30% 1 10%
& = [_4.75-mm (#4) 10 2| 20% |2 20%
% ‘GE) 2.36-mm (#8) 10 3 30% 2 20%
@8 1.18-mm (#16) 10 2 20% 4 40%
S % 600-mm (#30) 10 1 10% 0 0%
E '§ 300-um (#50) 10 3 30% 0 0%
(‘DE < 150-um (#100) 10 2 20% 0 0%
75-um (#200) 10 2 20% 3 30%
Asphalt Content 10 0 0% 2 20%

The WSDOT project data indicate that significant differences between mean
values and variances occurred at rates similar to those observed in the NCHRP report

(Hughes, 2005) and in the Caltrans data.

TEXAS DEPARTMENT OF TRANSPORTATION DATA

The Texas DOT provided a large number of test records for five different asphalt
mix design types. The data did not delineate between individual projects, so a
comparison of QC and QA test results was not possible at the project level. The data

were analyzed at the mix design level, and the results are presented in Tables 6 and 7.
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Table 6. Analysis of Texas DOT Statistically Significant
Differences, (o = 0.01)
Absolute
. ; In-Place Air Difference Asphalt
Mix Design Voids (%) from Target Content
Lab Molded
Density
Variance NSD NSD NSD
A'| Mean Value NSD NSD NSD
Variance SD NSD NSD
B Mean Value SD SD SD
Variance NSD NSD NSD
C Mean Value SD NSD NSD
Variance NSD SD SD
D Mean Value SD SD SD
Variance No Data NSD NSD
F Mean Value No Data NSD NSD

*SD: Statistical Difference between testing programs
**NSD: No Statistical Difference between testing programs

These data indicate that statistically significant differences were detected for 60
percent of the mixes for in-place air voids, and 40 percent for absolute difference from
target density and for asphalt content measurements.

The average difference between the QA and QC values are presented in Table 7
for all analyzed mix designs. The values highlighted in gray are properties for which
statistical differences were detected between mean values with an a level of 0.01.

These results indicate that when statistically significant differences were not
detected, the difference between the mean values of the QA and QC measurements was
close to zero.

Note that the inverse of this statement is not necessarily true. This can be seen by
comparing the results of the Molded Density readings for Mix Designs A and D. Mix D
exhibited a smaller difference between QA and QC testing programs, but unlike Mix A
the results were determined to be statistically different. The primary reason for this is
that Mix A exhibited standard deviations that were approximately 10 percent larger than
those found for Mix D. The larger standard deviations reduced the calculated t-statistic.
Secondly, the critical t-statistic for Mix A was calculated with 91 degrees of freedom.

Mix D had 560 degrees of freedom. This resulted in the critical t-statistic for Mix A
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being 2 percent larger than the value computed for Mix D. The combination of these two

factors resulted in Mix D producing statistically significant results while Mix A did not.

Table 7. Summary of Texas DOT Data (a = 0.01)
In-Place Air Voids Molded Densities Asphalt Contents
(%) (%) (%)
Mix Design QA QC QA QC QA QC
Mean Difference
between QA and 0.05 -0.05 0.01
QC (QA-QC)
Std. Dev 1.34 1.34 0.37 0.34 0.20 0.19
Count 66 34 68 25 70 69
Mean Difference
between QA and 0.62 0.09 0.08
QC (QA-QC)
Std. Dev 1.42 0.99 0.40 0.37 0.45 0.44
Count 699 33 699 356 645 706
Mean Difference
between QA and 0.28 0.03 0.02
QC (QA-QC)
Std. Dev 1.22 1.20 0.34 0.33 0.33 0.33
Count 1531 143 1726 657 1632 1780
Mean Difference
between QA and 1.22 -0.04 0.03
QC (QA-QC)
Std. Dev 1.23 1.16 0.30 0.34 0.39 0.32
Count 1635 21 1895 430 1490 1934
Mean Difference
between QA and - 0.03 0.09
QC (QA-QC)
Std. Dev 0.81 - 0.31 0.32 0.27 0.31
Count 41 0 60 9 56 66

Note: Shaded areas show significant differences between QA and QC mean test

results.

MINNESOTA DEPARTMENT OF TRANSPORTATION DATA

Between 2003 and 2004 the Minnesota Department of Transportation (MnDOT)
gathered QA and QC data to study the relationship between asphalt content, voids in the
mineral aggregate (VMA), and asphalt film thicknesses (AFT) for HMA projects. The
goal of the study was to implement a specification system to better control asphalt

contents across different HMA aggregate gradations. The AFT parameter is dependent
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upon asphalt content, percentage of aggregate in the mix, and the surface area of
aggregate of a HMA pavement.
The AFT parameter (microns) is calculated as:

P, *4870

AFT = 100+ P, +5A (13)
where Py = effective asphalt content as a percentage of the total mixture

Ps = percentage of aggregate in the mixture

SA = calculated aggregate surface area in ft*/Ib
The SA is calculated according to the following equation:

SA =2+0.02a + 0.04b + 0.08¢ + 0.14d + 0.30e + 0.60f + 1.60g (14)

where a, b, c, d, e, f and g are the percentage passing sieves #4, 8, 16, 30, 50, 100, 200

Minnesota allows QC results to be used as part of pay factor determinations. QC
tests are validated by one-to-one comparisons of test results on split samples for each lot.
If the difference between the QC and QA tests is within a given tolerance, the average of
the two tests is used to compute the pay adjustment. If the tolerance is exceeded, the
contractor tests an additional sample from the lot, and the average is computed on the
basis of the results of this test and the original QA test. The use of split samples
represents a test method verification 1A procedure as defined by OPQAS.

The results of the statistical analysis of the Minnesota data are presented in Table

The results of the Minnesota data exhibit several differences in comparison to the
previous analyses. The most notable difference between the Minnesota data and the other
states is that for the #4, 8, and 16 sieves, less than 2 percent of projects exhibited
statistically significant differences. The California and Washington data exhibited rates
of approximately 10 and 30 percent, respectively. The reason behind this is that the
Minnesota data exhibited, on average, much higher variances for these three sieves than
either California or Washington. Note also that the Minnesota data had a higher rate of
occurrence of statistically different mean values for the #200 sieve. Both Washington
and California exhibited differences in approximately 20 percent of projects. Because the

AFT calculation is dependent upon the surface area of the HMA aggregate, the #200
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sieve’s high rate of statistically significant differences was carried through to the AFT

tests.

Table 8. Analysis of Minnesota Data (a. = 0.01)

Projects with Projects with
Statistical Statistical

Differences Differences
Number of between Mean between
Projects Values Variances
4.75-mm (#4) 274 4 1.5% 7 2.6%
| 2.36-mm (#8) 274 1 0.4% 11 4.0%
S § 1.18-mm (#16) 274 1 04% | 9  3.3%
§ © | 600-um (#30) 273 20 7.3% 9 3.3%
10 % 300-um (#50) 272 58 21.3% | 11 4.0%
| 150-um (#100) 264 96 36.4% | 11 4.2%
75-um (#200) 275 102  371% | 17 6.2%
g Asphalt Content 275 22 8.0% |22 8.0%
g g Surface Area (ftZ/Ib) 275 86 31.3% [ 13 4.7%
@) g VMA 275 17 6.2% 12 4.4%
o AFT (microns) 275 101 36.7% | 11 4.0%

Minnesota also made HMA field core data available. Communication with Curt
Turgeon of MnDOT (Turgeon, 2007) provided the following background on field density
determination:

e A day’s HMA production is divided into lots. Within each lot, two locations

are randomly selected.

e The Contractor tests one core for the each location and MnDOT tests the
companion core for the first location. If the difference between the MnDOT
and Contractor cores is less than 0.030 G, then the Contractor’s core is
verified and the average of the Contractor’s cores for the two locations are
averaged for pay. If the difference is exceeded, then the average of the

MnDOT and Contractor cores at the second location are used to determine

pay.
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e The current practice (as of December 2007) is to cut two cores at each
location thereby the Contractor does not know which location is to be used for
verification, i.e., meeting the 0.030 G, requirement.

Table 9 is used to summarize MnDOT and Contractor G, core results. Data was

made available for 1999, 2000, 2001, 2003 and 2006.

Table 9. Summary of MnDOT Core Data
1999 2000 2001 2003 2006
Average difference in Gy,
(QC-QA) 0.007 0.005 0.004 0.003 0.003
Number of Sets of Cores
in the averages 738 4526 510 582 2989

The average differences in core G, have declined over a span of about eight

years.

Additional data was provided by MnDOT which allows us to view Contractor and

agency results from field split samples of HMA. The results follow in Table 10.

Table 10. Summary of MnDOT Split Sample Data

Contractor Test Results MnDOT Test Results
Project No. .Of Statistic
v Split
ear
Samples
Py Gmm Gip Va | VMA | P, Gmm Gmb Va | VMA
Mean - | 2495 | 2406 | 3.5 | 14.8 -- 2.495 2410 | 3.4 | 145
Std
2001 246 Dev -- | 0.034 | 0.036 | 0.8 1.0 -- 0.032 0.036 | 0.9 1.2
Mean | 54| 2489 | 2398 | 3.7 | 146 | 5.3 2.486 2405 | 3.3 | 14.3
Std
2003 132 Dev 0.6 | 0.051 | 0.047 | 0.6 0.8 0.6 0.053 0.046 | 0.8 0.9
Mean | 55| 2491 | 2403 | 35 | 148 | 5.6 2.495 2403 | 3.7 | 14.8
Std
2004 117 Dev 0.3 | 0.039 | 0.037 | 0.4 0.6 0.3 0.040 0.038 | 0.6 0.7

The data in Table 10 represent large sample sizes (in effect a population measure)

and allow a quick view of differences in Contractor and MnDOT results for binder

content, theoretical maximum density, bulk density, air voids, and voids in mineral

aggregate. Bulk density results are of special interest and MnDOT results are either the

same or slightly higher than Contractor results.
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DISCUSSION OF DATA

CALTRANS DATA

The Caltrans HMA specification includes a test of whether the data are not only
statistically significant but also significant in comparison to allowable testing variations.

Table 11 summarizes the average differences between statistically similar QA and
QC results for these projects and also expresses these differences as a percentage of
average target values. The intent of expressing the percentage of the average differences
between statistically similar QA and QC values and average target values is to provide a

reference frame from which the results can be interpreted.

Table 11. Summary of Caltrans QC Utilization Program

Average
Difference Difference
between expressed
Statistically asa
Similar QA and | Average | Percentage
Number QC values Target of Target
of Lots (QA-QC) Value Value
19- or 12.5-mm | (3/4" or 1/2") 46 0.15 98 0.15%
5¢ 9.5-mm (3/8") 46 -0.33 71 -0.46%
50 4.75-mm (#4) 46 0.20 49 0.41%
g ? 2.36-mm (#8) 46 0.05 35 0.15%
2 600-um (#30) 46 -0.11 19 -0.58%
75-um (#200) 46 -0.12 49 -2.48%
" Asphalt Content 44 0.04 5.1 0.70%
o Sand Equivalent 24 -0.81 46 -1.76%
g % Stability Value 22 -0.30 37 -0.81%
é_'B Moisture Content 11 0.00 0 0.00%
Relative Compaction 34 0.16 96 0.17%

Caltrans’ specification system does not allow QC data to be used for acceptance
or pay factor determinations when they fail both the statistical and the ATD criteria.
Thus, there is little risk that the program might result in egregious pay or acceptance
discrepancies in relation to traditional systems. Note also that Caltrans’ assumption of

equal sample variances (though not always true) usually has a minimal effect on the
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calculated t-statistic. Nevertheless, this assumption should be proved for an equivalent

significance level for each parameter (i.e. a F-test should be performed).

WSDOT DATA

The results of the WSDOT analysis exhibited trends similar to those observed in
the Caltrans data and the Parker and Turochy study. The average differences between

statistically similar QC and QA results are shown in Table 12.

Table 12. Summary of WSDOT Data (a. = 0.01)
Average
Difference
between Difference
Statistically expressed as
Similar QA and | Typical | a Percentage
QC values Target of Target
(QA-QC) Value Value
19-mm (3/4") 0.00 100 0.00%
= 12.5-mm | (1/2") 0.15 95 0.16%
L 9.5-mm (3/8") 0.07 79 0.09%
o= [475-mm | @) 0.74 48 1.54%
[
22 |236-mm| (#8) -0.09 32 -0.29%
% S [ 1.18-mm | (#16) 0.20 22 0.91%
S [L600-mm | (#30) 0.18 16 1.11%
TG [ 300-um | (#50) 0.06 10 0.60%
S < | 150-um | #100) 0.16 7 2.36%
© 75-um (#200) 0.08 4.8 1.59%
Asphalt Content 0.03 5.3 0.57%

This information illustrates that when QC results are not statistically different
from the QA data; the average differences are relatively small. The magnitude of the
WSDOT differences was up to 2.4 percent of target values, which is similar to the trends
observed in the Caltrans data. The WSDOT data also suggest that, on average,
statistically similar results occur in approximately 80 percent of reported parameters.

Unlike the Caltrans and Parker and Turochy studies, the WSDOT data (refer back
to Table 5) did not exhibit significant differences between the mean values of asphalt
content for any of the Job Mix Formulas (JMF). On the basis of a sample set containing
only seven projects with ten JMFs, it is difficult to extrapolate from these data to form a

conclusion about the agreement between QC and QA testing program.
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TEXAS DOT DATA

The Texas data exhibited several interesting trends. The first is that, given the
large sample sizes, statistical differences were only detected in half of the measured
parameters. For mix designs B, C, and D the average number of degrees of freedom was
2000. T-tests for sample sizes of these magnitudes are sensitive to any difference
between mean values.

Analyzing the Texas data on a mix design level was useful in that it demonstrated
that; overall, the QC and QA testing programs produce similar results. With sample sizes
in the thousands, it can be reasonably assumed that these samples adequately represent
the total QC and QA populations with only a minimal amount of difference.
Unfortunately, when so many test results are compared, the usefulness of validating QC
results with statistical F- and t-tests is questionable. The statistical tests can invalidate
results that are separated by only extremely small margins. These margins may not be
significant when viewed from an engineering perspective. These differences can also be

smaller than natural variations due to the materials or testing inaccuracies.

MINNESOTA DOT DATA

The Minnesota data are summarized in Table 13.

Comparatively, the California and WSDOT data exhibited larger asphalt content
average differences of 0.7 percent and 0.6 percent (as compared to 0.3 percent for
MnDOT). Otherwise, the differences between Caltrans, Minnesota, and Washington are
rather modest with the exception of the No. 50, 100, and 200 sieves.

Minnesota cores results (Table 9) show that the Contractor’s bulk density from
cores was slightly greater that the Minnesota DOT data, but the differences are all within
the testing variance for bulk density. The decrease in bulk density differences over time
(1999 to 2006) between the Contractor and DOT core data is noted. The split sample
results (Table 10) show that the Contractor and DOT test results (average and standard
deviations) for theoretical and bulk density, percent binder, air voids, and VMA are all

similar.
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Table 13. Summary of Minnesota Data (0. = 0.01)

Average
Difference
between Difference
Statistically expressed as
Similar QA and | Average | a Percentage
QC values QA of Average QA
(QA-QC) Values Values
4.75-mm (#4) 0.08 68 0.12%
| 2.36-mm (#8) 0.42 54 0.77%
é .% 1.18-mm (#16) 0.19 42 0.45%
§ © | 600-mm (#30) 0.83 30 2.75%
G 2 | 300-um (#50) 0.73 17 4.29%
150-um (#100) 0.62 8 7.77%
75-um (#200) 0.61 5 12.24%
g Asphalt Content 0.02 6 0.30%
E E Surface Area (ftz/lb) 1.64 32 5.12%
o VMA -0.21 15 -1.38%
o AFT (microns) -0.65 8 -8.07%
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CONCLUSIONS

STATISTICAL VALIDATION MEASURES

The results of this study indicate that F- and t-tests can be used to validate QC
results for use in acceptance and pay factor decisions. This should be no surprise because
numerous road agencies have used these statistical measures for some time to compare
agency and contractor results. The statistical tests provide an adequate level of resolution
when differences are sought between the two testing programs over a range of sample
sizes. This study used an a value of 0.01 for the F- and t-tests to establish filter criteria
that produce significant results, and that level seems reasonable. These tests may lose
relevance if the number of samples in the QC and QA program becomes large. If results
are analyzed at a statewide level, the statistical tests are much too discriminating to be

used.

STATE DATA COMPARISON

The data from the four contributing state DOTs exhibited similar trends in terms
of the average number of projects and parameters that produce statistically significant
differences. Given differences in state independent assurance programs and even the use
of contractor QC data, these similar trends are reassuring.

Between the states, different parameters (such as asphalt content, gradation sizes,
etc.) had the larger number of statistically significant differences—there are no consistent
trends.

The average differences for the various parameters for statistically similar QA and
QC results are quite similar for the state data. This should not be a surprise given

standard test methods, tester training programs, etc.
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WSDOT HMA QA/QC Study

WSDOT Test Data

Project Job Mix 12.5- 4.75- 2.36- 1.18- 600- Asphalt
4 Formula 19-mm mm 9.5-mm mm mm mm mm 300-um | 150-um 75-um Content
(3/4" (172" (3/8" (#4) (#8) (#16) (#30) (#50) (#100) (#200)
Average 100.00 96.54 82.46 51.62 34.54 24.00 17.08 11.77 7.92 5.70 5.61
Std. Dev 0.00 0.75 1.55 1.60 1.28 0.78 0.62 0.42 0.27 0.1 0.16
1 Count 13 13 13 13 13 13 13 13 13 13 13
Average 100.00 96.50 80.75 49.75 33.50 23.25 16.25 11.00 7.75 5.48 5.75
Std. Dev 0.00 1.12 0.83 0.83 0.50 0.43 0.43 0.00 0.43 0.23 0.23
Count 4 4 4 4 4 4 4 4 4 4 4
Average 100.00 93.73 83.36 54.18 34.91 23.00 16.09 11.91 8.73 6.34 5.07
2 Std. Dev 0.00 1.27 2.34 2.09 1.38 1.00 0.70 0.54 0.47 0.27 0.09
Count 11 11 11 11 11 11 11 11 11 11 11
Average 100.00 91.33 79.22 52.61 35.11 24.39 17.44 12.78 8.78 5.98 5.04
3 Std. Dev 0.00 1.67 2.25 1.60 1.20 0.89 0.68 0.53 0.53 0.32 0.14
Count 18 18 18 18 18 18 18 18 18 18 18
Average 100.00 97.75 88.25 59.25 40.25 26.00 17.00 11.75 7.75 4.90 5.85
Std. Dev 0.00 0.83 1.92 2.05 1.48 0.71 0.00 0.43 0.83 0.07 0.05
4 Count 4 4 4 4 4 4 4 4 4 4 4
Average 100.00 97.73 86.18 57.45 38.82 25.27 16.82 11.18 7.27 4.75 5.80
Std. Dev 0.00 0.45 1.75 2.50 1.75 1.29 0.72 0.57 0.45 0.31 0.12
Count 11 11 11 11 11 11 11 11 11 11 11




WSDOT HMA QA/QC Study
Contractor Test Data

Project Job Mix 12.5- 4.75- 2.36- 1.18- 600- Asphalt
i Formula 19-mm mm 9.5-mm mm mm mm mm 300-um | 150-um 75-um Content
(3/4") (1/2") (3/8") (#4) (#8) (#16) (#30) (#50) (#100) (#200)
Average 100.00 97.50 86.00 56.25 37.75 24.50 17.00 11.00 7.00 4.75 5.70
Std. Dev 0.00 0.58 1.15 1.50 0.96 0.58 0.00 0.00 0.00 0.06 0.00
1 Count 4 4 4 4 4 4 4 4 4 4 4
Average 100.00 96.43 80.71 47.86 33.86 23.57 17.00 11.57 8.00 5.60 5.66
Std. Dev 0.00 0.98 1.50 7.78 2.04 1.81 1.41 1.13 1.00 0.77 0.17
Count 7 7 7 7 7 7 7 7 7 7 7
Average 100.00 93.43 83.10 54.67 36.14 22.67 15.86 11.81 8.38 6.04 5.20
2 Std. Dev 0.00 1.16 2.00 2.48 6.44 1.46 1.06 0.98 0.74 0.55 0.28
Count 21 21 21 21 21 21 21 21 21 21 21
Average 100.00 90.73 78.85 51.50 33.50 22.15 16.62 11.96 8.50 5.84 5.01
3 Std. Dev 0.00 0.78 1.16 1.30 0.99 0.67 0.57 0.82 0.58 0.28 0.13
Count 26 26 26 26 26 26 26 26 26 26 26
Average 100.00 97.00 84.90 56.40 36.30 23.10 15.60 9.90 6.80 4.50 5.64
Std. Dev 0.00 0.94 1.66 1.65 1.83 1.29 0.97 0.74 0.42 0.38 0.13
4 Count 10 10 10 10 10 10 10 10 10 10 10
Average 100.00 96.86 85.41 56.14 37.73 24.14 16.50 10.82 7.00 4.54 5.74
Std. Dev 0.00 0.83 1.53 2.40 1.42 0.71 0.51 0.39 0.00 0.67 0.14
Count 22 22 22 22 22 22 22 22 22 22 21




WSDOT HMA QA/QC Study

WSDOT Test Data
. . 12.5- 475- | 236- | 118- | 600-
Pro#ect ;:Job M'lx 19-mm mm 9.5-mm mm mm mm mm 300-um | 150-um 75-um ésp?altt
ormuia @4y | oary | eey | @) #8) | (#16) | (#30) | (#50) | (#100) | (#200) onten
Average  100.00  97.76 8541 5124  30.84 1994 1410 1047 808 593 6.00
5 Std.Dev  0.00 079 18 207 138 169 108 084 0.67 0.57 0.19
Count 51 51 51 51 51 49 49 49 49 51 51
Average  100.00 9492 7816 4224  29.80 2296 1624 1016 _ 6.76 4.40 4.90
6 Std. Dev  0.00 138 317 283 166 114 078 047 0.44 0.16 0.14
Count 25 25 25 25 25 25 25 25 25 25 25
Average  100.00 9500 8240 5280 34.80 2470 1850 1290  7.70 4.07 5.06
Std.Dev  0.00 156 232 343 301 170 127  0.88 0.67 0.32 0.31
. Count 10 10 10 10 10 10 10 10 10 10 10
Average  100.00 9478 8200 5044 3200 2211 1622 1144 689 3.84 5.32
Std.Dev  0.00 192 381 410 308 262 211 142 1.05 0.45 0.33
Count 9 9 9 9 9 9 9 9 9 9 9




WSDOT HMA QA/QC Study

Contractor Test Data

12.5-

4.75- 2.36- 1.18-

600-

Pro#ect ;:Job M'lx 19-mm mm 9.5-mm mm mm mm mm 300-um | 150-um 75-um ésp?altt
ormuia @4y | oary | eey | @) #8) | (#16) | (#30) | (#50) | (#100) | (#200) onten
Average  100.00  97.69  86.44 5229 3128 1997 1408 1041 7.9 5.87 5.93
5 Std.Dev  0.00 08 177 172 137 126 107 093 0.75 0.54 0.16
Count 101 101 101 101 101 101 101 101 101 101 101
Average  100.00  93.98 7841 4235 2994 2263 1629 996 6.69 454 4.93
6 Std. Dev  0.00 133 272 266 176 136 096 064 0.58 0.25 0.14
Count 49 48 48 48 48 48 48 48 48 48 48
Average  100.00 9437 8205 5137 3447 2368 17.74 1237  7.42 3.81 5.16
Std.Dev  0.00 130 217 248 198 095 081 1.01 0.61 0.30 0.25
. Count 19 19 19 19 19 19 19 19 19 19 19
Average  100.00 9476 8282 51.06 3218 2206 1647 1153  7.00 378 5.34
Std.Dev  0.00 120 204 164 163 109 133 107 0.61 0.41 0.14
Count 17 17 17 17 17 17 17 17 17 17 17




Appendix B
Texas Dot HMA QA/QC Study
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Texas DOT HMA QA/QC Study

Texas DOT Test Data

In-Place Molded Asphalt
Air Voids | Densities Contents
Mix Design (%) (%) (%)
Average 6.42 0.54 4.09
A | Std. Dev 1.34 0.37 0.20
Count 66 68 70
Average 6.77 0.57 4.56
B | Std. Dev 1.42 0.40 0.45
Count 699 699 645
Average 6.86 0.42 4.58
C | Std. Dev 1.22 0.34 0.33
Count 1531 1726 1632
Average 7.31 0.38 5.01
D | Std. Dev 1.23 0.30 0.39
Count 1635 1895 1490
Average 7.10 0.41 5.68
Std. Dev 0.81 0.31 0.27
Count 41 60 56

B-2

Texas DOT HMA QA/QC Study

Contractor Test Data

In-Place | Molded Asphalt
Air Voids | Densities | Contents
Mix Design (%) (%) (%)
Average 6.37 0.59 4.08
A | Std. Dev 1.34 0.34 0.19
Count 34 25 69
Average 6.16 0.49 4.49
B | Std. Dev 0.99 0.37 0.44
Count 33 356 706
Average 6.58 0.39 4.56
C | Std. Dev 1.20 0.33 0.33
Count 143 657 1780
Average 6.09 0.43 4.98
D | Std. Dev 1.16 0.34 0.32
Count 21 430 1934
Average - 0.38 5.59
F | Std. Dev - 0.32 0.31
Count 0 9 66




Appendix C
Caltrans HMA QA/QC Study
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Caltrans HMA QA/QC Study

Caltrans Test Data

Percentage Passing (Sieve Size)

Other Parameters

; 19-or 9.5- 4.75- 2.36- 600-
Pr(;ieCt L;t 12.5-mm mm mm mm um 75-um Asphalt Sand Stability Moisture Relative
(3/4" or Equivalent | Value | Content | Compaction
1/2") (3/8") (#4) (#8) (#30) | (#200) | Content
Average 99.00 72.00 51.00 39.50 19.00 5.85 5.40
1 Std Dev 0.00 1.41 1.41 0.71 0.00 0.21 0.00
y Count 2 2 2 2 2 2 2
Average 97.67 85.00 58.67 43.00 20.00 6.27 5.60
2 Std Dev 0.58 1.73 0.58 1.00 1.00 0.40 0.00
Count 3 3 3 3 3 3 3
Average 96.20 71.80 4920 38.00 21.40 5.52 5.20 0.00 42.20 0.00 97.08
1 Std Dev 0.84 2.39 1.30 1.41 0.89 0.19 0.19 0.00 0.84 0.00 1.05
> Count 9 9 9 9 9 9 9 9 9 9 10
Average 97.13 7238 5150 39.25 2225 6.00 4.91 0.00 44.00 97.61
2 Std Dev 0.99 1.30 1.93 2.05 1.67 0.76 0.22 0.00 2.65 1.02
Count 16 16 16 16 16 16 16 16 16 16
Average 99.00 7550 53.00 3550 16.75 6.08 5.93 95.60
1 Std Dev 0.00 2.89 1.83 1.00 0.96 0.43 0.10 0.00
Count 4 4 4 4 4 4 4 4
Average 98.81 7156 5169 33.75 1581 4.91 6.17 97.14
3 2 Std Dev 0.40 1.67 1.70 1.77 1.28 0.55 0.09 0.59
Count 16 16 16 16 16 16 12 11
Average 98.80 7460 5280 37.40 17.00 5.90 6.04
3 Std Dev 0.45 1.14 1.10 0.89 0.71 0.19 0.15
Count 5 5 5 5 5 5 5




Caltrans HMA QA/QC Study
Contractor Test Data

Percentage Passing (Sieve Size)

Other Parameters

Prc;fCt th 121_%-;rm 9m5m 4rﬁ7£ 2rﬁ3n61; 6u0rg 75-um | Asphalt Sand Stability | Moisture Relative
(3/4" or Equivalent | Value | Content | Compaction
1/2") (3/8" (#4) (#8) (#30) | (#200) | Content
Average 98.83 69.00 49.00 37.33 17.50 5.57 5.23
1 Std Dev 0.41 2.00 1.90 1.75 0.84 0.41 0.06
y Count 6 6 6 6 6 6 6
Average 97.20 83.60 57.80 4260 19.40 6.26 5.34
2 Std Dev 0.45 1.67 1.10 1.14 0.55 0.46 0.12
Count 5 5 5 5 5 5 5
Average 96.51 71.36 49.73 39.22 21.58 5.63 5.42 68.00 48.00 0.00 96.91
1 Std Dev 0.69 1.42 1.21 0.95 0.92 0.33 0.17 0.00 1.26 0.00 0.35
2 Count 50 50 50 50 50 50 50 50 50 50 47
Average 96.82 72.32 50.70 39.80 21.09 5.70 5.08 68.00 46.86 0.00 96.76
2 Std Dev 0.72 1.34 1.25 1.1 1.29 0.35 0.17 0.00 3.98 0.01 0.51
Count 56 56 56 56 56 56 56 56 56 56 56
Average 98.78 7461 5267 3539 16.06 5.19 6.05 96.68
1 Std Dev 0.43 1.75 1.46 1.46 0.94 0.38 0.12 0.00
Count 18 18 18 18 18 18 18 18
3 Average 98.86 7240 5160 3548 16.38 5.03 6.12 38.33 97.77
2 Std Dev 0.45 1.26 1.40 1.63 1.21 0.51 0.17 2.31 0.48
Count 50 50 50 50 50 50 50 3 49
Average 98.44 71.78 50.28 3572 1578 4.87 6.14
3 Std Dev 0.62 2.41 2.30 2.16 1.17 0.51 0.16
Count 18 18 18 18 18 18 18
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Caltrans HMA QA/QC Study

Caltrans Test Data

Percentage Passing (Sieve Size)

Other Parameters

19-or 9.5- 4.75- | 2.36- 600-

Pr‘;f‘;t ";t 125-mm | mm | mm | mm | um | 75um | Asphalt | Sand | Stability | Moisture | Relative
(3/4" or Equivalent | Value | Content | Compaction
1/2") (3/8" (#4) (#8) (#30) | (#200) | Content
Average 98.93 7229 5271 38.00 18.86 4.96 5.63 96.99
1 Std Dev 1.21 1.59 2.20 1.47 1.03 0.66 0.36 0.80
4 Count 15 | 15 15 15 15 15 15 15
Average 99.38 7315 5131 3769 1892 482 5.37 96.70
2 Std Dev 0.51 2.08 2.18 1.55 1.19 0.49 0.26 0.67
Count 18 18 18 18 18 18 18 18
Average 98.25 73.75 5139 36.75 19.89 6.10 4.95 73.18 45.36 0.00 97.43
1 Std Dev 1.32 1.78 1.71 2.07 1.97 0.85 0.16 6.76 2.04 0.00 1.20
Count 28 28 28 28 28 28 28 11 28 8 28
Average 99.00 7282 5165 36.71 1894 6.00 4.92 46.88 97.41
2 Std Dev 0.94 0.81 2.64 1.40 1.09 0.57 0.14 2.20 0.54
5 Count 17 17 17 17 17 17 17 17 17
Average 99.00 7250 4925 36.50 20.50 6.25
3 Std Dev 0.00 0.58 0.96 2.38 1.29 0.50
Count 4 4 4 4 4 4
Average 99.38 7400 4963 3538 2150 6.38 5.07 96.73
4 Std Dev 0.52 1.93 245 1.41 1.07 0.52 0.17 1.31
Count 8 8 8 8 8 8 8 8
Average 98.60 7140 48.00 3480 1940 5.08 5.02 72.80 45.00 98.97
6 1 Std Dev 0.55 1.95 1.41 1.10 0.89 0.61 0.04 1.64 0.00 0.86
Count 5 5 5 5 5 5 5 5 1 6
Average 97.67 7433 5267 34.00 18.00 5.00 5.48 66.33
7 1 Std Dev 0.58 0.58 2.08 1.00 2.00 0.00 0.23 1.53
Count 3 3 3 3 3 3 3 3
Average 97.75 7350 5275 3425 17.00 4.75 5.51 65.00 98.05
8 1 Std Dev 0.50 1.73 1.71 0.96 2.58 0.50 0.20 2.94 0.99
Count 4 4 4 4 4 4 4 4 4
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Caltrans HMA QA/QC Study
Contractor Test Data

Percentage Passing (Sieve Size)

Other Parameters

Project | Lot 19-or 9.5- 4.75- | 2.36- | 600- 3 _ _
4 4 12.5-mm mm mm mm um 75-um | Asphalt Sand Stability | Moisture Relative
(3/4" or Equivalent | Value | Content | Compaction
1/2") (3/8" (#4) (#8) (#30) | (#200) | Content
Average 99.18 7245 5244 3796 17.76 4.84 5.66 97.71
1 Std Dev 0.51 1.05 1.03 0.77 0.90 0.34 0.15 0.66
4 Count 55 55 55 55 55 55 55 55
Average 99.04 7291 51.67 38.05 18.01 4.70 5.35 97.03
2 Std Dev 0.19 1.31 1.08 0.95 0.99 0.43 0.10 0.39
Count 79 79 79 79 79 79 79 79
Average 98.75 7359 5134 3735 2116 6.26 4.94 66.91 40.91 0.00 97.50
1 Std Dev 0.56 1.77 1.64 1.79 1.16 0.50 0.12 5.85 2.39 0.00 0.36
Count 99 99 99 99 99 99 99 22 11 99 99
Average 99.71 7285 50.37 3728 2134 6.10 4.84 73.35 39.60 0.00 97.29
2 Std Dev 0.46 1.09 1.05 1.56 1.56 0.52 0.10 3.50 2.07 0.00 0.48
5 Count 93 93 93 93 93 93 93 20 5 93 93
Average 98.80 73.20 50.00 3580 2040 5.86 4.92 95.34
3 Std Dev 0.45 0.45 0.71 1.79 1.52 0.49 0.19 1.08
Count 5 5 5 5 5 5 5 5
Average 99.44 73.90 50.08 36.58 2214 6.38 4.88 96.96
4 Std Dev 0.50 1.79 245 1.74 1.49 0.52 0.14 0.33
Count 72 72 72 72 72 72 72 72
6 Average 98.96 71.80 49.84 3760 2146 532 4.79 72.08 39.86 0.01 97.98
1 Std Dev 0.35 1.74 1.28 1.51 1.15 0.32 0.16 2.43 1.68 0.01 0.50
Count 50 50 50 50 50 51 13 7 22 51
Average 97.31 7415 5354 3500 17.62 4.60 5.61 58.31 39.50 0.20
7 1 Std Dev 0.75 1.99 1.98 1.73 2.33 0.41 0.33 4.61 0.55 0.04
Count 13 13 13 13 13 13 13 13 6 13
Average 97.33 71.13 5354 36.67 1838 3.69 5.69 63.25 40.36 0.16 98.32
8 1 Std Dev 0.70 1.65 1.86 2.43 2.52 0.62 0.28 5.01 0.50 0.04 0.53
Count 24 24 24 24 24 24 24 24 11 23 24
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Caltrans HMA QA/QC Study

Caltrans Test Data

Percentage Passing (Sieve Size)

Other Parameters

Prc;fCt th 121_%-;rm 9m5m 4rﬁ7£ 2rﬁ3n61; 6u0rg 75-um | Asphalt Sand Stability | Moisture Relative
(3/4" or Equivalent | Value | Content | Compaction
1/2") (3/8" (#4) (#8) (#30) | (#200) | Content
Average 97.33 69.67 49.33 36.67 20.67 2.73 5.25 96.75
2 Std Dev 0.58 0.58 1.15 1.15 1.15 0.67 0.10 0.92
9 Count 27 27 27 27 27 27 27 3
Average 97.67 70.52 48.38 34.95 19.62 3.80 5.41 97.49
5 Std Dev 0.80 1.36 2.27 1.63 1.07 0.66 0.15 0.98
Count 27 27 27 27 27 27 27 16
Average 97.08 72.62 4554 3323 18.15 3.50 5.39 67.23 40.29 0.00 98.22
2 Std Dev 0.64 1.19 0.78 1.24 2.34 0.23 0.17 4.11 1.82 0.00 0.53
10 Count 13 13 13 13 13 13 14 13 14 17 11
Average 97.43 73.57 4536 33.07 18.14 3.54 5.42 67.07 40.38 0.00
2 Std Dev 0.76 1.70 0.74 1.64 2.1 0.26 0.16 2.64 1.30 0.00
Count 14 14 14 14 14 14 8 14 8 9
Average 98.46 69.85 46.15 35.08 20.31 3.92 5.69 67.00 44.00 97.67
11 1 Std Dev 0.66 1.07 1.14 1.66 1.65 0.49 0.22 1.15 1.80 1.17
Count 13 13 13 13 13 13 24 10 22 19
Average 94.00 73.50 4400 3450 18.50 3.90 4.70 96.70
12 1 Std Dev 1.41 3.54 1.41 0.71 6.36 0.85 0.14 0.85
Count 2 2 2 2 2 2 2 2
Average 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13 1 Std Dev 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Count 0 0 0 0 0 0 0 0 0 0
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Caltrans HMA QA/QC Study
Contractor Test Data

Percentage Passing (Sieve Size)

Other Parameters

Prc;fCt th 121_%-;rm 9m5m 4rﬁ7£ 2rﬁ3n61; 6u0rg 75-um | Asphalt Sand Stability | Moisture Relative
(3/4" or Equivalent | Value | Content | Compaction
1/2") (3/8" (#4) (#8) (#30) | (#200) | Content
Average 96.71 72.00 49.86 38.00 21.71 3.90 5.40 97.46
2 Std Dev 0.46 0.82 1.46 1.63 1.50 0.64 0.13 0.47
9 Count 27 27 27 27 27 27 27 22
Average 97.83 70.98 4925 36.66 20.94 4.07 5.40 97.88
5 Std Dev 0.83 1.15 2.21 1.56 1.90 0.72 0.20 1.23
Count 115 115 115 115 115 115 115 144
Average 97.43 73.88 46.06 3297 17.71 3.63 5.50 63.92 40.00 98.17
2 Std Dev 0.58 1.17 0.72 0.85 1.19 0.35 0.14 3.79 1.58 0.52
10 Count 90 90 90 90 90 90 90 26 9 87 90
Average 97.36 7427 46.03 33.34 17.83 3.56 5.52 65.17 40.63 0.00 96.00
2 Std Dev 0.68 1.49 0.82 1.09 1.34 0.33 0.15 3.65 0.52 0.00 0.00
Count 64 64 64 64 64 64 64 18 8 64 64
Average 96.85 69.05 4456 3463 19.15 4.06 5.64 68.41 40.17 0.12 97.53
11 1 Std Dev 0.65 0.86 0.90 1.44 2.07 0.57 0.16 3.36 1.47 0.04 0.77
Count 41 41 41 41 41 41 41 17 6 41 41
Average 95.83 71.00 54.00 36.17 20.33 2.86 5.00 96.94
12 1 Std Dev 2.59 1.86 5.39 2.08 2.57 0.63 0.33 0.39
Count 12 12 12 12 12 12 12 12
Average 97.78 68.78 44.06 30.00 17.78 3.79 517 0.00 0.00 0.00 96.87
13 1 Std Dev 0.81 1.22 1.47 1.71 1.56 0.68 0.17 0.00 0.00 0.00 0.32
Count 18 18 18 18 18 18 18 0 0 0 18
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Caltrans HMA QA/QC Study

Caltrans Test Data

Percentage Passing (Sieve Size)

Other Parameters

Project | Lot 19-or 9.5- 4.75- | 2.36- | 600- 3 _ _
4 4 12.5-mm mm mm mm um 75-um | Asphalt Sand Stability | Moisture Relative
(3/4" or Equivalent | Value | Content | Compaction
1/2") (3/8" (#4) (#8) (#30) | (#200) | Content
Average 92.25 66.50 48.00 33.75 18.00 5.45 5.01
1 Std Dev 1.26 1.91 1.41 2.06 1.41 1.05 0.08
Count 4 4 4 4 4 4 4
Average 93.09 63.64 4518 31.09 17.18 5382 4.65 98.06
2 Std Dev 2.47 4.23 4.53 3.42 2.36 0.75 0.36 0.42
Count 11 11 11 11 11 11 9 7
14 Average 97.00 67.00 48.00 33.00 16.00 3.80 4.80 0.00 0.00 0.00
3 Std Dev 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Count 1 1 1 1 1 1 1 0 0 0
Average 96.00 70.50 4950 3450 1950 6.70 4.88 97.00
4 Std Dev 0.00 0.71 3.54 3.54 212 0.14 0.18 0.57
Count 2 2 2 2 2 2 2 2
Average 99.11 71.00 4589 3533 1822 4.09 4.68 46.44 97.00
15 1 Std Dev 0.60 1.87 3.10 2.29 1.30 0.84 0.24 2.07 0.90
Count 9 9 9 9 9 9 9 9 9
Average 95.67 66.83 48.67 34.83 19.00 4.33 5.18 58.00 50.78 0.98 96.42
1 Std Dev 1.03 0.75 1.37 1.33 1.26 0.45 0.18 1.90 2.73 0.02 0.22
16 Count 6 6 6 6 6 6 6 6 9 3 8
Average 95.71 66.86 48.57 3529 19.29 521 55.33 47.75
2 Std Dev 0.76 2.54 2.15 1.98 1.38 0.45 2.52 2.22
Count 7 7 7 7 7 7 3 7
Average 99.50 66.70 46.90 3440 1830 5.17 4.64 97.64
17 1 Std Dev 0.53 2.00 1.85 2.55 1.70 0.83 0.20 0.83
Count 10 10 10 10 10 10 10 10
Average 99.70 66.05 4575 3251 1820 534 4.62 62.20 47.83 0.53 97.40
18 1 Std Dev 0.57 2.14 1.80 7.24 2.26 1.10 0.21 5.93 2.59 0.50 1.19
Count 20 20 20 20 20 20 30 20 30 4 27
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Caltrans HMA QA/QC Study
Contractor Test Data

Percentage Passing (Sieve Size)

Other Parameters

Project | Lot 19-or 9.5- 4.75- | 2.36- | 600- 3 _ _
4 4 12.5-mm mm mm mm um 75-um | Asphalt Sand Stability | Moisture Relative
(3/4" or Equivalent | Value | Content | Compaction
1/2") (3/8" (#4) (#8) (#30) | (#200) | Content
Average 94.32 68.11 46.64 3296 17.89 5.29 4.80
1 Std Dev 1.56 1.85 1.93 1.48 1.10 0.48 0.24
Count 28 28 28 28 28 28 28
Average 95.13 68.19 4764 3296 18.09 532 4.86 97.11
2 Std Dev 1.13 1.33 1.25 1.12 0.97 0.40 0.20 0.62
14 Count 67 67 67 67 67 67 67 67
Average 94.17 67.75 46.58 32.67 18.00 548 4.66 0.00 0.00 0.00 97.18
3 Std Dev 0.72 1.36 1.88 1.78 1.35 0.46 0.19 0.00 0.00 0.00 0.65
Count 12 12 12 12 12 12 12 0 0 0 12
Average 95.36 68.27 46.73 3336 1855 579 4.75 97.74
4 Std Dev 1.43 1.95 1.62 1.21 1.04 0.43 0.13 0.89
Count 12 12 12 12 12 12 12 12
Average 99.20 7120 45.02 35.05 17.51 4.28 5.00 70.56 39.76 0.00 96.91
15 1 Std Dev 0.60 1.52 1.19 1.50 1.10 0.50 0.10 5.15 1.43 0.00 0.55
Count 41 41 41 41 41 41 41 41 41 41 41
Average 96.20 68.68 49.07 3523 19.34 493 5.28 55.10 39.02 0.97 96.69
1 Std Dev 1.02 2.1 1.77 1.82 1.43 0.61 0.20 2.79 0.01 0.02 0.50
16 Count 44 44 44 44 44 44 44 41 4 4 46
Average 96.53 67.72 49.00 3484 19.16 4.93 5.25 54.03 40.80
2 Std Dev 1.11 1.87 1.61 1.53 1.25 0.41 0.24 1.77 1.10
Count 32 32 32 32 32 32 32 32 5
Average 99.13 66.64 4722 3323 17.05 4.76 4.60 97.95
17 1 Std Dev 0.54 2.34 1.70 2.11 1.50 0.51 0.14 0.84
Count 91 91 91 91 91 91 91 91
Average 99.64 67.62 4621 3236 1728 4.76 4.65 62.44 48.17 0.53 97.48
18 1 Std Dev 0.51 1.92 1.80 1.51 1.27 0.44 0.13 5.03 2.93 0.48 0.65
Count 146 146 146 146 146 146 146 9 6 6 146

C-9




Caltrans HMA QA/QC Study
Caltrans Test Data

Percentage Passing (Sieve Size)

Other Parameters

Prc;fCt th 121_%-;rm 9m5m 4rﬁ7£ 2rﬁ3n61; 6u0rg 75-um | Asphalt Sand Stability | Moisture Relative
(3/4" or Equivalent | Value | Content | Compaction
1/2") (3/8" (#4) (#8) (#30) | (#200) | Content
Average 99.72 65.61 4561 34.39 19.06 6.04 4.86 68.00 47.60 97.89
19 1 Std Dev 0.46 217 1.91 1.61 1.06 0.42 0.37 0.00 4.28 0.74
Count 18 18 18 18 18 18 27 1 5 25
Average 99.79 62.16 4153 31.63 17.32 5.75 5.00 56.78 44.67 98.15
20 1 Std Dev 0.42 1.80 1.43 1.46 1.1 0.80 0.33 7.92 5.50 0.99
Count 19 19 19 19 19 19 19 18 18 15
Average 100.00 72.00 4514 3129 1743 450 5.05 79.71 46.67 97.27
1 Std Dev 0.00 0.82 0.69 1.50 0.98 0.45 0.24 3.09 1.51 0.58
Count 7 7 7 7 7 7 7 7 6 6
Average 100.00 7113 4763 33.13 1875 4.21 4.47 79.00 48.38 0.10 97.39
21 2 Std Dev 0.00 2.23 2.07 2.70 2.82 0.27 0.19 0.00 1.60 0.01 0.57
Count 8 8 8 8 8 8 8 2 8 2 8
Average 100.00 73.18 4718 3284 18.00 4.38 4.91 80.67
3 Std Dev 0.00 1.43 1.70 2.29 1.48 0.51 0.24 1.53
Count 45 45 45 45 45 45 39 3
Average 98.50 62.75 4575 33.75 1750 4.58 4.73 95.90
22 1 Std Dev 0.58 0.50 2.06 2.22 1.29 0.38 0.06 1.32
Count 4 4 4 4 4 4 4 4
Average 95.67 70.67 49.00 34.67 18.67 5.37 4.82 57.00 49.67
23 1 Std Dev 0.58 0.58 1.73 0.58 1.53 0.71 0.20 5.57 2.08
Count 3 3 3 3 3 3 3 3 3
Average 98.75 78.25 4750 36.50 21.00 2.88 4.88 96.25
24 1 Std Dev 0.50 1.26 1.29 1.29 2.45 0.15 0.15 0.50
Count 4 4 4 4 4 4 4 4
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Caltrans HMA QA/QC Study
Contractor Test Data

Percentage Passing (Sieve Size)

Other Parameters

Prc;fCt th 121_%-;rm 9m5m 4r'n7,§ 2rﬁ3n61; 6u0rg 75-um | Asphalt Sand Stability | Moisture Relative
(3/4" or Equivalent | Value | Content | Compaction
1/2") (3/8" (#4) (#8) (#30) | (#200) | Content
Average 99.16 63.16 44.03 33.31 18.03 5.88 478 56.60 40.75 0.10 98.02
19 1 Std Dev 0.47 2.36 2.09 1.79 1.07 0.47 0.16 6.58 1.22 0.05 1.00
Count 128 128 128 128 128 128 128 5 12 128 128
Average 99.41 61.56 4226 32.05 16.79 5.54 4.74 61.75 42.00 0.05 97.18
20 1 Std Dev 0.49 2.32 2.16 1.73 1.43 0.51 0.18 2.82 210 0.07 0.55
Count 121 121 121 121 121 121 121 8 11 121 121
Average 100.00 7165 4640 3245 18.00 4.26 5.00 79.86 40.00 0.1 97.16
1 Std Dev 0.00 0.99 1.14 0.94 0.56 0.19 0.18 0.90 N/A 0.05 0.53
Count 20 20 20 20 20 20 20 7 1 20 20
Average 100.00 69.87 4579 3187 17.63 4.13 4.56 80.82 42.86 0.09 97.10
21 2 Std Dev 0.00 2.02 2.07 1.82 1.20 0.31 0.20 1.83 3.24 0.02 0.52
Count 38 38 38 38 38 38 38 11 7 38 38
Average 100.00 73.00 4728 3290 17.85 3.77 4.94 79.79 43.00 0.10
3 Std Dev 0.00 1.99 2.09 1.51 0.92 0.45 0.17 1.14 3.46 0.03
Count 71 71 71 71 71 71 71 24 6 71
Average 98.67 66.12 47.07 3270 16.60 442 4.73 97.74
22 1 Std Dev 0.64 2.77 1.55 1.66 1.22 0.45 0.10 0.43
Count 43 43 43 43 43 43 43 43
Average 96.73 71.00 4969 36.54 19.12 5.70 5.00 53.55 49.75 0.20
23 1 Std Dev 0.83 1.57 1.89 1.53 0.71 0.40 0.18 3.22 1.71 0.08
Count 26 26 26 26 26 26 26 20 4 4
Average 98.54 78.62 48.31 36.00 20.23 3.20 4.85 97.31
24 1 Std Dev 0.52 1.98 2.53 2.08 1.92 0.85 0.12 1.32
Count 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00
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Caltrans HMA QA/QC Study

Caltrans Test Data

Percentage Passing (Sieve Size)

Other Parameters

) 19- or .5- 4.75- | 2.36- -
Prc;qjtect th 12%-r?m gmgw mrﬁ msg 6u0r?1 75-um | Asphalt Sand Stability | Moisture Relative
(3/4" or Equivalent | Value | Content | Compaction
1/2") (3/8" (#4) (#8) (#30) | (#200) | Content

Average 98.80 88.60 52.60 39.00 2280 4.02 492 36.50 96.43

25 1 Std Dev 0.45 1.67 2.61 212 2.59 0.58 0.13 212 1.29
Count 5 5 5 5 5 5 5 2 4

Average 97.40 71.20 51.00 36.60 17.40 5.68 4.92 0.00 96.96

26 3 Std Dev 1.67 3.11 2.45 2.88 1.82 0.46 0.1 0.00 1.46
Count 5 5 5 5 5 5 5 5 5

Average 95.50 70.00 46.75 33.25 1750 4.00 5.30 0.00 97.75

27 1 Std Dev 0.58 1.41 1.26 0.96 0.58 1.02 0.44 0.00 2.25
Count 4 4 4 4 4 4 4 4 4

Average 98.50 69.75 52.00 36.75 16.75 5.50 5.01 98.55

28 1 Std Dev 0.58 2.06 1.63 0.96 0.50 1.00 0.23 2.30
Count 4 4 4 4 4 4 4 4

Average 97.50 7250 5150 36.50 20.00 5.30 4.96 73.00 38.50 0.02 97.85

29 1 Std Dev 0.71 212 0.71 0.71 0.00 0.71 0.14 0.00 212 0.01 1.63
Count 2 2 2 2 2 2 2 1 2 2 2
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Caltrans HMA QA/QC Study
Contractor Test Data

Percentage Passing (Sieve Size)

Other Parameters

PFC;iECt L;:t 121%-r?‘Irm 9m§’1 4r;17r§ 2r.r'|3£ 6u0r?1 75-um | Asphalt Sand Stability | Moisture Relative
(3/4" or Equivalent | Value | Content | Compaction
1/2") (3/8" (#4) (#8) (#30) | (#200) | Content

Average 97.95 87.56 5241 39.74 2403 3.77 5.07 68.69 42.08 0.00 96.97

25 1 Std Dev 0.69 1.57 1.90 1.19 1.46 0.45 0.16 2.25 410 0.01 0.54
Count 39 39 39 39 39 39 39 39 12 39 39

Average 97.68 70.77 50.52 36.59 17.07 5.53 5.19 97.78

26 3 Std Dev 1.19 3.00 2.40 1.93 1.25 0.67 0.22 0.77
Count 56 56 56 56 56 56 56 56

Average 96.08 69.54 46.71 33.33 17.75 3.84 5.43 98.02

27 1 Std Dev 1.06 1.32 1.99 1.05 1.62 0.70 0.15 1.16
Count 24 24 24 24 24 24 24 24

Average 98.24 69.97 5162 3693 17.10 5.36 5.15 98.11

28 1 Std Dev 0.74 1.76 1.35 1.71 1.40 0.61 0.18 1.00
Count 31 31 31 31 31 31 31 31

Average 97.70 7225 5160 3695 2085 4.38 5.02 65.14 41.00 0.08 96.95

29 1 Std Dev 1.26 1.89 2.66 1.28 2.13 0.86 0.14 2.73 4.36 0.04 0.76
Count 20 20 20 20 20 20 20 7 7 20 20
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Appendix D

MINNESOTA DOT ASPHALT FILM THICKNESS STUDY
QA/QC TESTING RESULTS
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2003 ASPHALT FILM THICKNESS STUDY
MnDOT Test Data

(Based on Production Data)

State TOTAL ACeff ACeff PERCENTAGE PASSING SIEVE SA AFT

Project AC @yMix) | (ByAgg) | #200 | #t100 | #s0 | #30 | w6 | s | (SF/Lb) | (Microns) | VMA

0901-72  Average 5.50 4.69 4.96 6.60 10.86 2043 3157 43.71 5643 7057 36.79 6.57 14.46
Std Dev 0.29 0.25 0.28 035 0.69 0.98 113  0.95 1.51 2.07 1.43 0.27 0.26
Count 7 7 7 7 7 7 7 7 7 7 7 7 7

3605-37  Average 5.20 4.70 4.96 735 950 1250 17.00 21.00 27.00 3850 29.12 8.31 14.40
Std Dev 0.00 0.14 0.15 0.78 0.71 0.71 1.41 1.41 1.41 212 2.29 0.40 0.42
Count 2 2 2 2 2 2 2 2 2 2 2 2 2

3605-37 Average  5.62 4.88 5.17 755 967 1317 1767 2317 3150 49.83 30.41 8.30 14.70
Std Dev 0.17 0.12 013 045 052 0.75 1.03 1.17 1.87  2.32 1.50 0.44 0.44
Count 6 6 6 6 6 6 6 6 6 6 6 6 6




2003 ASPHALT FILM THICKNESS STUDY
Contractor Data

Based on Production Data)

State TOTAL | ACeff ACeff PERCENTAGE PASSING SIEVE SA AFT
Project AC @yMix) | ByAgg) | #200 | #100 | #s0 | #30 | w6 | #8 | 4 (SF/Lb) | (Microns) | VMA
0901-72 Average 5.68 4.96 5.26 581 9.67 1958 31.00 4292 5467 68.75 34.30 7.51 14.50
Std Dev 0.23 0.21 0.24 0.52 0.98 1.98 2.37 2.97 3.45 3.82 2.64 0.73 0.22
Count 12 12 12 12 12 12 12 12 12 12 12 12 12
3605-37 Average 5.14 4.76 5.02 6.14 8.00 1160 16.40 21.00 27.20 39.20 25.95 9.43 14.40
Std Dev 0.13 0.17 0.18 0.47 0.71 0.55 0.89 1.58 2.28 2.95 1.59 0.41 0.45
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
3605-37 Average 5.45 4.85 5.13 6.62 8.36 1200 17.09 2264 30.73 47.64 27.59 9.06 14.67
Std Dev 0.22 0.25 0.28 0.52 0.67 0.77 1.14 1.50 2.24 2.73 1.78 0.43 0.41
Count 11 11 11 11 11 11 11 11 11 11 11 11 11
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2003 ASPHALT FILM THICKNESS STUDY

Mn/DOT Test Data

Based on Production Data)

State TOTAL | ACeff ACeff PERCENTAGE PASSING SIEVE SA AFT
Project AC ByMix) | (ByAgg) | #200 | #100 | #s0 | #s0 | w#e | #e | #a (SF/Lb) | (Microns) | VMA
0416-27 Average 4.83 4.33 4.54 595 8.75 16.50 29.00 40.50 5450 72.00 32.64 6.84 13.90
Std Dev 0.17 0.15 0.16 1.25 1.71 1.00 0.82 1.91 2.38 2.94 3.08 0.82 1.50
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
1102-59 Average 4.39 4.03 4.22 494 725 1135 1715 2365 3280 46.35 24.19 8.50 13.81
Std Dev 0.21 0.20 0.22 0.39 0.55 0.81 1.14 1.60 2.48 3.28 1.52 0.40 0.35
Count 20 20 20 20 20 20 20 20 20 20 20 20 20
1119-32 Average 5.25 4.28 4.52 585 8.67 1500 27.83 40.17 5433 70.33 31.75 7.07 14.02
Std Dev 0.15 0.22 0.24 1.08 163 2.37 2.99 3.82 5.35 3.78 4.38 1.26 0.29
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
1504-10 Average 6.06 5.06 5.39 436 6.00 1240 2760 43.60 59.20 73.20 27.48 9.54 15.72
Std Dev 0.17 0.25 0.27 0.11 0.00 0.55 1.14 1.67 2.77 3.70 0.76 0.26 0.51
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
3509-19 Average 6.10 5.32 5.67 469 9.00 2810 40.00 48.80 58.70 6890 36.56 7.57 15.26
Std Dev 0.09 0.16 0.18 0.33 163 292 1.56 1.32 1.42 2.02 2.30 0.43 0.26
Count 10 10 10 10 10 10 10 10 10 10 10 10 10
3509-19 Average 6.05 5.20 5.53 499 880 2993 41.07 50.20 60.73 7240 37.88 7.13 15.37
Std Dev 0.20 0.18 0.20 047 086 1.49 1.75 1.47 1.28 1.24 1.70 0.39 0.37
Count 15 15 15 15 15 15 15 15 15 15 15 15 15
4501-36 Average 477 4.20 4.41 583 8.33 19.00 30.00 40.33 53.33 67.67 3295 6.53 13.90
Std Dev 0.21 0.10 0.11 0.32 058 1.73 2.65 4.04 4.93 5.51 2.37 0.33 0.78
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
4508-23 Average 5.77 4.79 5.08 516 933 2589 4144 48.89 5811 70.78 37.07 6.68 14.20
Std Dev 0.15 0.16 0.18 0.13 0.50 1.27 1.74 1.96 2.47 2.22 1.09 0.11 0.54
Count 9 9 9 9 9 9 9 9 9 9 9 9 9




2003 ASPHALT FILM THICKNESS STUDY

Contractor Data

(Based on Production Data)

State TOTAL AC. ACe PERCENTAGE PASSING SIEVE SA AFT
Project AC (By Mix) | (ByAgg) | #200 | #100 | #50 #30 #16 | #8 | #4 (SF/Lb) | (Microns) VMA
0416-27 Average 5.00 4.28 4.51 567 8.67 1583 28.00 40.17 5350 71.33 31.72 6.99 13.78
Std Dev 0.17 0.13 0.15 1.24 151 147 1.10 1.17 1.52 2.16 3.39 0.75 1.19
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
1102-59 Average 4.47 4.10 4.29 476 7.09 1119 1656 23.35 3223 4449 23.60 8.88 13.77
Std Dev 0.21 0.18 0.19 0.32 0.61 0.82 1.50 1.66 2.55 4.22 1.41 0.42 0.34
Count 43 43 43 43 43 43 43 43 43 43 43 43 43
1119-32 Average 5.13 4.20 443 542 861 1496 2722 4122 5500 71.04 31.05 7.04 14.00
Std Dev 0.20 0.24 0.26 0.83 1.27 2.16 2.71 4.10 3.84 3.28 3.51 0.94 0.20
Count 23 23 23 23 23 23 23 23 23 23 23 23 23
1504-10 Average 5.89 5.05 5.37 445 6.08 1215 26.31 4331 5792 7192 27.32 9.58 15.58
Std Dev 0.05 0.09 0.09 0.20 0.28 0.55 1.44 1.55 1.85 1.98 0.81 0.24 0.34
Count 13 13 13 13 13 13 13 13 13 13 13 13 13
3509-19 Average 6.10 5.20 5.54 488 7.79 28.16 39.32 49.00 58.79 69.84 36.11 7.48 15.38
Std Dev 0.08 0.1 0.12 0.38 0.79 1.89 2.00 1.70 1.47 1.83 1.52 0.30 0.29
Count 19 19 19 19 19 19 19 19 19 19 19 19 19
3509-19 Average 6.01 5.10 542 488 796 29.00 4032 4996 59.86 71.61 36.76 7.20 15.45
Std Dev 0.13 0.10 0.11 064 092 1.74 2.31 212 1.98 1.87 1.93 0.36 0.36
Count 28 28 28 28 28 28 28 28 28 28 28 28 28
4501-36 Average 4.80 4.40 4.62 535 8.33 1850 29.83 4133 5433 69.00 32.15 7.00 13.97
Std Dev 0.09 0.14 0.15 0.21 0.52 0.55 1.33 1.86 2.50 2.90 0.81 0.26 0.45
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
4508-23 Average 5.64 4.68 4.95 530 8.83 2542 4092 48.67 5717 7225 36.76 6.58 14.35
Std Dev 0.15 0.15 0.16 056 1.03 250 2.71 2.61 1.47 3.93 2.11 0.43 0.34
Count 12 12 12 12 12 12 12 12 12 12 12 12 12
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2003 ASPHALT FILM THICKNESS STUDY

Mn/DOT Test Data

(Based on Production Data)

TOTAL | ACeff ACeff PERCENTAGE PASSING SIEVE SA AFT
SP AC By Mix) | (ByAgg) | #200 | #100 | #s0 | #30 #6 | #8 | #4 (SF/Lb) | (Microns) | VMA
5401-30 Average 5.64 4.65 4.92 542 8.09 19.27 3227 4545 6091 75.09 3340 7.20 14.45
Std Dev 0.21 0.15 0.17 0.37 054 2.00 2.72 2.46 2.43 2.63 2.10 0.49 0.34

Count 11 11 11 11 11 11 11 11 11 1 11 1 11
5410-17 Average 5.26 4.72 4.98 475 840 17.70 3110 43.00 5560 69.80 31.36 7.75 13.85
Std Dev 0.18 0.08 0.09 0.30 052 0.95 1.60 1.94 1.90 2.04 1.26 0.34 0.58

Count 10 10 10 10 10 10 10 10 10 10 10 10 10
5703-39 Average 5.07 4.50 4.74 590 8.33 1867 30.33 42.00 57.00 7167 33.36 6.92 14.33
Std Dev 0.25 0.30 0.33 0.30 0.58 0.58 1.15 1.00 1.73 1.53 1.22 0.43 0.15

Count 3 3 3 3 3 3 3 3 3 3 3 3 3
6004-17 Average 5.03 4.36 4.59 567 7.26 10.17 1413 1843 2483 36.39 23.65 9.49 13.38
Std Dev 0.19 0.18 0.20 0.46 062 0.98 1.39 1.78 2.52 3.41 1.82 0.63 0.69

Count 23 23 23 23 23 23 23 23 23 23 23 23 23
6004-17 Average 5.98 5.38 572 468 7.31 21.31 37.38 49.85 60.23 69.38 33.28 8.38 14.92
Std Dev 0.17 0.17 0.19 0.21 048 1.25 3.55 2.85 3.00 3.04 1.58 0.40 0.80

Count 13 13 13 13 13 13 13 13 13 13 13 13 13
6008-14 Average 4.89 4.20 4.42 6.05 895 1590 2581 38.81 55.05 6933 3213 6.70 12.31
Std Dev 0.31 0.25 0.28 0.53 067 1.04 1.89 3.06 4.58 3.90 1.61 0.42 414

Count 21 21 21 21 21 21 21 21 21 21 21 21 21
6013-12 Average 5.80 4.75 5.04 495 7.83 1450 26.17 44.00 58.00 68.67 29.85 8.23 14.22
Std Dev 0.20 0.15 0.17 0.14 041 0.84 0.75 1.26 2.00 1.97 0.77 0.31 0.24

Count 6 6 6 6 6 6 6 6 6 6 6 6 6
15-603-10 Average 6.08 4.98 5.30 482 7.25 16.00 2942 4358 5942 73.67 30.31 8.51 13.96
Std Dev 0.28 0.30 0.34 0.27 045 1.28 3.34 2.27 3.92 3.85 1.41 0.26 0.57

Count 12 12 12 12 12 12 12 12 12 12 12 12 12
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2003 ASPHALT FILM THICKNESS STUDY
Contractor Data

(Based on Production Data)

State TOTAL AC.s AC. PERCENTAGE PASSING SIEVE SA AFT
Project AC (By Mix) | (ByAgg) | #200 | #100| #50 | #30 | #16 | #8 | #4 (SF/Lb) | (Microns) VMA

5401-30 Average 5.62 4.66 494 548 7.72 19.04 3184 46.32 6136 75.68 33.24 7.27 14.64
Std Dev 0.17 0.12 0.14 036 0.84 2.01 25 315 229 263 1.93 0.51 0.32
Count 25 25 25 25 25 25 25 25 25 25 25 25 25

5410-17 Average 5.27 4.62 488 480 8.05 17.23 30.36 42.73 5495 6941 30.92 7.68 14.35
Std Dev 0.07 0.07 0.07 0.33 0.38 0.75 1.33 1.64 1.81 1.97 1.06 0.22 0.27
Count 22 22 22 22 22 22 22 22 22 22 22 22 22

5703-39 Average 4.93 4.60 4.84 547 817 17.83 2967 4217 56.17 7167 32.20 7.33 14.27
Std Dev 0.27 0.13 0.14 0.34 041 0.75 1.21 2.14 1.94 288 1.33 0.28 0.34
Count 6 6 6 6 6 6 6 6 6 6 6 6 6

6004-17 Average 5.21 4.36 4.60 563 7.00 974 13.65 17.88 2435 36.44 23.17 9.70 14.07
Std Dev 0.18 0.17 0.19 0.51 049 0.7 098 137 192 254 1.48 0.66 0.57
Count 34 34 34 34 34 34 34 34 34 34 34 34 34

6004-17 Average 6.08 5.31 566 496 7.35 2047 36.88 49.41 59.41 6859 33.35 8.29 15.38
Std Dev 0.21 0.16 0.18 0.65 0.70 137 237 240 255 279 1.93 0.60 0.56
Count 17 17 17 17 17 17 17 17 17 17 17 17 17

6008-14 Average 4.91 4.23 445 572 884 1552 2548 38.68 5577 6958 31.39 6.93 14.10
Std Dev 0.23 0.23 025 062 082 1.21 1556 252 402 340 1.90 0.59 0.48
Count 31 31 31 31 31 31 31 31 31 31 31 31 31

6013-12 Average 5.74 4.68 496 476 735 1424 26.06 4441 5924 7012 29.27 8.26 14.71
Std Dev 0.12 0.13 0.14 0.34 049 0.83 1.14 1.28 1.68 2.26 1.15 0.34 0.19
Count 17 17 17 17 17 17 17 17 17 17 17 17 17

15-603-10 Average 5.90 4.92 523 4.89 7.45 1540 29.80 4450 5930 73.20 30.48 8.37 14.25
Std Dev 0.13 0.16 0.18 0.38 0.60 1.19 177 278 345 375 1.76 0.37 0.45
Count 20 20 20 20 20 20 20 20 20 20 20 20 20
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2003 ASPHALT FILM THICKNESS STUDY
Mn/DOT Test Data

(Based on Production Data)

State TOTAL ACeff ACeff PERCENTAGE PASSING SIEVE SA AFT
Project AC (By Mix) | (By Agg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 (SF/Lb) | (Microns) VMA
35-612-04 Average 5.88 4.98 5.29 498 6.50 10.25 19.00 33.75 5525 71.75 2594 9.94 14.03
Std Dev 0.17 0.17 0.19 0.41 0.58 0.50 0.82 0.96 0.96 2.22 1.27 0.52 0.24
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
63-612-06 Average 6.11 5.04 5.37 543 8.13 1550 2825 4713 62.88 75.38 31.95 8.19 14.40
Std Dev 0.20 0.18 0.21 0.31 064 1.20 2.38 3.60 4.26 417 1.85 0.39 0.63
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
68-606-09 Average 6.14 5.13 5.46 3.97 586 1843 33.14 4400 56.57 69.57 29.21 9.13 14.86
Std Dev 0.16 0.15 0.17 0.42 0.90 0.79 1.35 1.41 1.62 1.62 1.36 0.54 0.40
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
2003 ASPHALT FILM THICKNESS STUDY
Contractor Data
(Based on Production Data)
State TOTAL AC. AC.s PERCENTAGE PASSING SIEVE SA AFT
Project AC (By Mix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 (SF/Lb) | (Microns) VMA
35-612-04 Average 6.16 5.06 5.39 5.05 6.33 10.33 18,58 33.17 5525 73.00 2591 10.15 14.83
Std Dev 0.12 0.11 0.12 0.37 049 0.65 1.08 1.47 2.09 1.86 1.10 0.44 0.17
Count 12 12 12 12 12 12 12 12 12 12 12 12 12
63-612-06 Average 5.98 5.01 5.33 493 7.67 1475 28.00 4592 6192 7525 3048 8.54 14.74
Std Dev 0.15 0.16 0.17 049 078 1.29 359 284 3.06 2.86 1.94 0.51 0.30
Count 12 12 12 12 12 12 12 12 12 12 12 12 12
68-606-09 Average 6.04 5.23 5.56 396 579 18.11 3353 44.00 57.26 71.47 2917 9.30 15.13
Std Dev 0.11 0.09 0.10 040 079 0.74 1.26 1.11 1.24 1.35 1.39 0.43 0.20
Count 19 19 19 19 19 19 19 19 19 19 19 19 19
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2003 ASPHALT FILM THICKNESS STUDY
Mn/DOT Test Data

(Based on Production Data)

State TOTAL | ACeff ACeff PERCENTAGE PASSING SIEVE SA AFT

Project AC ByMix) | ByAgg) | #200 | #100 | #s0 | #s0 | w6 | #8 | #a (SF/Lb) | (Microns) | VMA
1805-63 Average 6.08 478 5.09 418 6.81 1475 30.75 49.13 64.06 76.50 29.52 8.43 14.28
Std Dev 0.37 0.19 0.20 0.37 0.66 1.13 2.32 2.83 3.55 3.76 1.95 0.67 0.60

Count 16 16 16 16 16 16 16 16 16 16 16 16 16
1805-63 Average 4.88 4.19 4.41 7.08 1085 1892 3092 44.77 59.31 76.46 37.32 5.76 14.06
Std Dev 0.16 0.13 0.15 0.29 0.55 0.95 1.04 1.59 1.89 2.03 1.26 0.25 0.39

Count 13 13 13 13 13 13 13 13 13 13 13 13 13
11-604-12  Average 5.58 4.78 5.06 444 700 13.80 28.80 43.80 5500 64.80 28.48 8.66 14.46
Std Dev 0.08 0.13 0.14 0.21 0.00 0.45 0.84 0.84 1.00 1.10 0.53 0.37 0.47

Count 5 5 5 5 5 5 5 5 5 5 5 5 5
1118-119 Average 6.20 5.30 5.65 420 6.00 12.00 28.00 46.33 58.00 67.67 27.22 10.10 15.93
Std Dev 0.36 0.46 0.51 0.30 0.00 0.00 1.00 2.52 3.00 3.51 1.01 0.56 0.78

Count 3 3 3 3 3 3 3 3 3 3 3 3 3
1118-119 Average 5.58 493 5.23 5.03 7.33 12.67 27.67 4517 57.83 70.83 29.47 8.65 15.35
Std Dev 0.19 0.23 0.25 0.64 0.82 1.21 1.21 2.23 2.86 2.40 2.03 0.37 0.59

Count 6 6 6 6 6 6 6 6 6 6 6 6 6
1809-55 Average 5.32 4.66 4.92 510 7.40 1420 27.70 4230 55.00 69.40 29.71 8.08 13.83
Std Dev 0.18 0.13 0.15 0.22 0.52 0.63 1.34 1.64 1.89 1.78 1.14 0.45 0.26

Count 10 10 10 10 10 10 10 10 10 10 10 10 10
1809-55 Average 5.26 4.44 4.69 556 8.44 15.89 27.67 40.78 55.67 7144 31.51 7.27 14.56
Std Dev 0.19 0.19 0.21 0.39 0.53 1.27 2.35 3.11 2.96 2.60 1.61 0.53 0.92

Count 9 9 9 9 9 9 9 9 9 9 9 9 9
1809-55 Average 5.63 4.91 5.20 493 7.08 13.33 2525 38.00 49.25 6250 27.94 9.08 14.56
Std Dev 0.17 0.16 0.17 0.28 0.51 0.78 1.48 2.09 2.63 3.12 1.40 0.44 0.56

Count 12 12 12 12 12 12 12 12 12 12 12 12 12
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2003 ASPHALT FILM THICKNESS STUDY
Contractor Test Data

(Based on Production Data)

State TOTAL | ACer ACe PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SF/Lb) | (Microns) | VMA
1805-63 Average  6.04 4.81 512 408 6.47 1429 3024 4818 6224 7459 28.77 8.70 14.12
StdDev  0.19 0.17 019 044 080 126 222 317 307 350 208 0.69 0.55
Count 17 17 17 17 17 17 17 17 17 17 17 17 17
1805-63 Average  4.84 4.21 442 645 1040 1820 30.20 43.85 57.65 74.65 35.56 6.06 14.08
StdDev  0.18 0.15 017 040 110 077 101 142 211 216  1.22 0.30 0.28
Count 20 20 20 20 20 20 20 20 20 20 20 20 20
11-604-12  Average  5.74 5.01 532 422 7.00 13.90 29.90 44.00 5530 6520 28.34 9.13 14.91
StdDev  0.22 0.28 0.31 019 000 032 057 115 142 169 0.34 0.54 0.44
Count 10 10 10 10 10 10 10 10 10 10 10 10 10
1118-119  Average  6.03 5.46 5.81 3.80 529 11.00 26.71 4543 5643 66.14 2551 11.09  16.01
StdDev  0.19 0.24 026 018 049 058 111 127 172 204  0.99 0.44 0.47
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
1118-119  Average  5.66 5.08 539 445 631 12.06 2713 4538 57.88 7150 27.70 9.49 15.54
StdDev  0.19 0.19 0.21 044 048 085 131 193 206 225 1.35 0.62 0.49
Count 16 16 16 16 16 16 16 16 16 16 16 16 16
1809-55 Average  5.49 4.78 505 560 7.33 13.86 27.48 4124 5400 67.76 30.18 8.17 14.11
StdDev  0.21 0.17 019 056 048 085 166 1.81 224 255 166 0.46 0.30
Count 21 21 21 21 21 21 21 21 21 21 21 21 21
1809-55 Average  5.24 4.54 480 631 844 1525 2731 3950 54.13 69.06 32.27 7.27 14.51
StdDev  0.18 0.15 017 061 089 124 202 242 260 279 205 0.57 0.66
Count 16 16 16 16 16 16 16 16 16 16 16 16 16
1809-55 Average  5.51 4.90 519 570 7.37 13.37 2595 3826 49.79 63.00 29.50 8.58 14.68
StdDev  0.18 0.20 022 054 076 090 131 205 262 351 1.78 0.42 0.37
Count 19 19 19 19 19 19 19 19 19 19 19 19 19
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2003 ASPHALT FILM THICKNESS STUDY
Mn/DOT Test Data

(Based on Production Data)

State TOTAL ACeff ACeff PERCENTAGE PASSING SIEVE SA AFT
Project AC (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 #16 | #8 | #4 (SF/Lb) | (Microns) VMA
11-602-06  Average  5.86  5.29 554 3.60 580 1370 30.50 44.10 5320 6290 2653 1016  15.16
Std Dev 040  0.38 046 024 042 082 207 303 408 448  1.41 0.58 0.80
Count 10 10 10 10 10 10 10 10 10 10 10 10 10
2003 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)
State TOTAL | ACe ACe PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SF/Lb) | (Microns) | VMA
11-602-06  Average  6.04 5.50 585  3.34 508 13.00 30.23 42.15 50.92 60.08 25.13 1135  15.70
StdDev  0.28 0.34 038 014 028 100 196 270 315 364  1.08 0.59 0.63
Count 13 13 13 13 13 13 13 13 13 13 13 13 13
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2003 ASPHALT FILM THICKNESS STUDY
Mn/DOT Test Data

(Based on Production Data)

State TOTAL | ACeff ACeff PERCENTAGE PASSING SIEVE SA AFT

Project AC ByMix) | (ByAgg) | #200 | #100 | #s0 | #30 w6 | #8 | (SF/Lb) | (Microns) | VMA
2610-10+ Average 6.01 4.81 5.12 564 775 1350 2763 4350 59.63 7288 30.91 8.14 14.05
Std Dev 0.17 0.12 0.14 0.70 0.89 1.60 2.83 4.00 4.69 4.19 2.97 0.88 0.67

Count 8 8 8 8 8 8 8 8 8 8 8 8 8
7503-31 Average 5.77 4.66 4.94 6.16 7.86 13.29 2571 39.29 5371 6829 30.81 7.83 14.39
Std Dev 0.29 0.29 0.33 0.30 0.38 0.76 1.60 1.98 1.70 1.80 1.28 0.62 0.48

Count 7 7 7 7 7 7 7 7 7 7 7 7 7
2101-20 Average 5.65 4.71 4.99 6.82 9.67 1887 35.07 4793 6140 7273 37.03 6.57 14.67
Std Dev 0.16 0.22 0.24 044 062 0.74 1.67 2.43 2.92 3.01 1.60 0.30 0.73

Count 15 15 15 15 15 15 15 15 15 15 15 15 15
4401-16 Average 5.63 4.77 5.05 500 7.25 1492 3058 4550 5858 69.83 30.49 8.09 14.59
Std Dev 0.26 0.29 0.32 029 045 0.90 1.68 1.98 2.64 3.24 1.26 0.71 0.73

Count 12 12 12 12 12 12 12 12 12 12 12 12 12
4401-16 Average 5.36 4.50 4.76 563 8.17 16.25 31.33 4492 5750 69.08 3244 7.15 14.12
Std Dev 0.23 0.23 0.26 045 072 1.14 1.97 2.43 243 2.84 1.84 0.44 0.36

Count 12 12 12 12 12 12 12 12 12 12 12 12 12
6111-21+ Average 5.90 4.68 4.98 578 7.67 14.00 28.00 4283 57.33 71.00 31.11 7.85 14.33
Std Dev 0.28 0.25 0.28 0.80 1.21 1.26 1.41 1.47 1.21 2.00 2.55 0.92 0.76

Count 6 6 6 6 6 6 6 6 6 6 6 6 6
6111-21 Average 6.80 577 6.19 520 7.00 13.67 29.67 46.33 65.67 87.00 30.85 9.78 17.20
Std Dev 0.30 0.32 0.36 0.20 0.00 0.58 1.53 2.08 3.21 3.46 1.01 0.76 0.53

Count 3 3 3 3 3 3 3 3 3 3 3 3 3
7802-30 Average 5.85 4.64 4.93 6.71 9.08 16.62 28.85 43.00 59.00 71.38 34.43 6.98 14.47
Std Dev 0.44 0.25 0.27 0.47 0.64 1.45 1.63 1.47 1.96 2.02 1.67 0.52 0.49

Count 13 13 13 13 13 13 13 13 13 13 13 13 13
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2003 ASPHALT FILM THICKNESS STUDY
Contractor Test Data

(Based on Production Data)

State TOTAL | ACeff ACeff PERCENTAGE PASSING SIEVE SA AFT

Project AC ByMix) | (ByAgg) | #200 | #100 | #s0 | #30 w6 | #8 | (SF/Lb) | (Microns) | VMA
2610-10+ Average 6.02 4.83 5.14 462 6.65 1215 2480 4180 5760 7130 27.57 9.14 14.25
Std Dev 0.15 0.17 0.19 061 093 1.35 1.99 2.76 3.36 4.58 2.32 0.85 0.38

Count 20 20 20 20 20 20 20 20 20 20 20 20 20
7503-31 Average 5.94 4.83 513 498 6.63 1225 24.00 39.13 5463 68.88 27.66 9.05 14.53
Std Dev 0.17 0.15 0.17 0.37 0.52 1.04 1.69 1.55 2.20 1.89 1.31 0.55 0.34

Count 8 8 8 8 8 8 8 8 8 8 8 8 8
2101-20 Average 5.78 4.78 5.08 585 8.06 17.06 33.18 4782 61.18 74.18 33.71 7.34 14.84
Std Dev 0.21 0.22 0.24 053 056 1.20 1.51 2.19 2.65 2.96 1.55 0.41 0.66

Count 17 17 17 17 17 17 17 17 17 17 17 17 17
4401-16 Average 5.80 4.85 5.15 422 6.33 1387 29.20 4547 5860 71.20 28.21 8.91 14.49
Std Dev 0.18 0.17 0.19 043 049 0.92 1.74 1.68 1.99 2.24 1.23 0.62 0.42

Count 15 15 15 15 15 15 15 15 15 15 15 15 15
4401-16 Average 5.64 4.63 4.91 408 6.50 1419 2944 4481 58.00 7094 28.13 8.51 14.48
Std Dev 0.15 0.15 0.17 0.26 052 0.98 1.46 1.56 1.67 1.73 1.19 0.41 0.27

Count 16 16 16 16 16 16 16 16 16 16 16 16 16
6111-21+ Average 5.97 4.89 5.20 490 6.71 1293 2521 40.71 56.00 70.29 28.18 9.03 14.63
Std Dev 0.14 0.23 0.25 0.49 0.61 1.73 1.76 2.43 2.48 213 1.91 0.76 0.49

Count 14 14 14 14 14 14 14 14 14 14 14 14 14
6111-21 Average 6.80 6.05 6.49 430 6.50 1250 2550 45.00 65.00 87.50 28.05 11.26 17.25
Std Dev 0.28 0.49 0.55 0.14 0.71 0.71 0.71 0.00 0.00 0.71 0.75 0.66 0.21

Count 2 2 2 2 2 2 2 2 2 2 2 2 2
7802-30 Average 6.01 4.82 513 532 741 1535 2782 4329 59.00 7253 30.74 8.15 14.71
Std Dev 0.29 0.25 0.28 0.46 0.71 1.87 2.01 2.08 2.32 2.43 212 0.48 0.45

Count 17 17 17 17 17 17 17 17 17 17 17 17 17
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2003 ASPHALT FILM THICKNESS STUDY

Mn/DOT Test Data

(Based on Production Data)

State TOTAL ACe AC PERCENTAGE PASSING SIEVE SA AFT
Project AC @®yMix) | (ByAgg) | #200 | #100 | #s0 | #so | w6 | #s | w4 (SF/Lb) | (Microns) VMA
7408-39  Average 6.00 5.15 5.48 6.75 11.00 2050 34.00 47.00 61.00 74.50 38.00 7.03 13.65
Std Dev 0.71 0.07 0.12 049 0.00 0.71 1.41 1.41 1.41 212 1.41 0.41 0.21
Count 2 2 2 2 2 2 2 2 2 2 2 2 2
2401-36  Average 6.65 5.30 568 500 7.00 13,50 2500 37.00 57.00 71.00 28.41 9.73 15.35
Std Dev 0.07 0.00 0.00 000 000 071 141 141 141 141 061 0.22 0.49
Count 2 2 2 2 2 2 2 2 2 2 2 2 2
2003 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)
State TOTAL ACeff ACeff PERCENTAGE PASSING SIEVE SA AFT
Project AC (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 (SF/Lb) | (Microns) VMA
7408-39 Average 5.98 4.90 5.21 590 1040 2040 3420 4840 6140 74.40 36.40 7.00 14.38
Std Dev 0.25 0.10 012 091 089 089 130 182 207 270 225 0.49 1.06
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
2401-36  Average 6.27 5.33 569 390 6.17 1250 2250 36.17 54.83 7067 2534 1096 15.75
Std Dev 0.15 0.14 015 028 075 1.05 176 214 147 1.03 145 0.54 0.31
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
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2003 ASPHALT FILM THICKNESS STUDY
Mn/DOT Test Data

(Based on Production Data)

State TOTAL | ACeff ACeff PERCENTAGE PASSING SIEVE SA AFT

Project AC ByMix) | (ByAgg) | #200 | #100 | #50 | #s0 | #e | #s | #a (SF/Lb) | (Microns) | VMA

4011-22 Average 5.58 4.67 4.94 528 7.67 13.33 27.00 4233 5533 70.00 29.83 8.08 14.70
Std Dev 0.25 0.25 0.28 041 052 0.82 0.89 0.82 1.03 1.10 1.32 0.58 0.41
Count 6 6 6 6 6 6 6 6 6 6 6 6 6

0703-16 Average 5.93 4.89 5.19 576 890 17.33 31.38 4552 58.29 69.81 33.52 7.57 14.87
Std Dev 0.18 0.19 0.21 045 0.77 159 2.04 2.02 2.87 3.63 1.81 0.49 0.68
Count 21 21 21 21 21 21 21 21 21 21 21 21 21

8304-29 Average 6.70 5.25 5.63 350 5.00 10.00 21.00 32.00 50.00 66.00 2242 12.22 15.00
Std Dev 0.28 0.35 0.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.86 0.14
Count 2 2 2 2 2 2 2 2 2 2 2 2 2

0801-30 Average 6.00 5.06 5.38 532 840 1780 3220 4500 56.40 65.00 32.56 8.06 15.30
Std Dev 0.21 0.25 0.28 0.16 055 045 0.45 0.71 0.89 0.71 0.72 0.46 0.27
Count 5 5 5 5 5 5 5 5 5 5 5 5 5

1703-66 Average 6.45 5.50 5.88 540 850 1850 33.00 4550 57.00 65.00 33.13 8.65 15.30
Std Dev 0.07 0.00 0.00 0.00 0.71 0.71 1.41 2.12 1.41 1.41 1.09 0.29 0.85
Count 2 2 2 2 2 2 2 2 2 2 2 2 2
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2003 ASPHALT FILM THICKNESS STUDY
Contractor Test Data

(Based on Production Data)

State TOTAL | ACeff ACeff PERCENTAGE PASSING SIEVE SA AFT

Project AC ByMix) | (ByAgg) | #200 | #100 | #50 | #s0 | #e | #s | #a (SF/Lb) | (Microns) | VMA

4011-22 Average 5.66 4.84 5.14 497 744 13.00 2722 4256 56.11 70.89 29.19 8.57 14.73
Std Dev 0.18 0.27 0.29 0.22 0.53 0.71 0.97 1.33 1.62 1.69 0.96 0.50 0.30
Count 9 9 9 9 9 9 9 9 9 9 9 9 9

0703-16 Average 5.89 4.97 5.28 528 843 1695 3148 46.41 59.75 7152 3253 7.93 14.98
Std Dev 0.17 0.25 0.27 0.35 0.66 1.85 2.30 2.02 2.15 2.36 1.66 0.53 0.58
Count 44 44 44 44 44 44 44 44 44 44 44 44 44

8304-29 Average 6.55 5.15 5.51 3.00 5.00 10.00 2050 3250 50.00 6850 21.64 12.40 15.80
Std Dev 0.35 0.49 0.55 0.14 0.00 0.00 0.71 0.71 1.41 2.12 0.37 1.03 0.14
Count 2 2 2 2 2 2 2 2 2 2 2 2 2

0801-30 Average 6.14 5.15 5.49 438 713 1650 31.38 4563 57.25 67.50 29.91 8.95 15.58
Std Dev 0.18 0.12 0.13 0.37 0.83 0.93 2.20 1.85 1.58 2.20 1.48 0.40 0.43
Count 8 8 8 8 8 8 8 8 8 8 8 8 8

1703-66 Average 6.47 5.33 5.70 450 7.33 16.33 32.00 46.67 58.33 66.67 30.38 9.21 15.57
Std Dev 0.21 0.12 0.13 0.56 1.15 2.89 3.46 1.15 0.58 0.58 2.97 1.11 0.50
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
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2004 ASPHALT FILM THICKNESS STUDY

Mn/DOT Test Data

(Based on Production Data)

State TOTAL AC AC PERCENTAGE PASSING SIEVE SA AFT
Project AC (By Mix) | (By Agg) | #200 ‘ #100 | #50 ‘ #30 ‘ #16 ‘ #8 ‘ #4 (SF/Lb) | (Microns) | VMA
0901-72  Average 5.45 4.67 4.94 6.53 10.67 21.20 32.87 44.53 56.40 69.67 37.03 6.49 14.91
Std Dev 0.26 0.18 0.20 047 062 182 285 283 275 3.09 1.37 0.19 0.86
Count 15 15 15 15 15 15 15 15 15 15 15 15 15
0901-73  Average 5.73 4.69 4.98 558 891 1764 29.36 4145 5273 6527 32.41 7.51 14.47
Std Dev 0.18 0.21 0.23 0.57 114 157 169 202 233 228 2.41 0.64 0.65
Count 11 11 11 11 11 11 11 11 11 11 11 11 11
0906-42  Average 5.14 4.27 4.50 6.70 9.33 15.00 23.67 37.67 5567 73.00 31.96 6.86 14.03
Std Dev 0.05 0.06 0.06 017 058 100 115 115 208 1.73 1.22 0.35 0.46
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
0906-42  Average 5.00 4.03 4.24 5.83 8.00 11.75 17.00 24.25 3425 47.75 2598 7.94 13.23
Std Dev 0.45 0.40 0.44 055 082 09 183 299 479 585 2.35 0.17 0.73
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
3108-55  Average 4.75 4.24 4.45 494 7.00 11.00 18.00 26.75 36.63 50.00 24.53 8.85 13.94
Std Dev 0.21 0.17 0.18 039 053 053 076 116 151 2.51 1.22 0.48 0.23
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
3108-55  Average 5.24 4.64 4.90 5.34 8.00 1420 2640 4140 56.60 71.20 30.30 7.89 15.46
Std Dev 0.11 0.11 0.12 039 071 130 230 313 230 217 2.02 0.49 0.67
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
6915-122  Average 4.99 4.24 4.47 6.82 9.33 15.06 23.28 34.39 4844 64.28 2958 7.38 14.94
Std Dev 0.30 0.39 0.42 061 059 111 149 228 340 3.59 1.78 0.79 0.81
Count 18 18 18 18 18 18 18 18 18 18 18 18 18
6920-37  Average 5.10 4.70 4.95 755 11.00 19.00 31.00 43.00 56.50 73.00 36.85 6.55 14.15
Std Dev 0.14 0.28 0.31 0.21 0.00 000 0.00 0.00 071 141 0.39 0.47 0.21
Count 2 2 2 2 2 2 2 2 2 2 2 2 2
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2004 ASPHALT FILM THICKNESS STUDY

Contractor Test Data

(Based on Production Data)

State TOTAL |  ACer ACqt PERCENTAGE PASSING SIEVE SA AFT
Project AC | ByMix) | By Agg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SF/b) | (Microns) | VMA
0901-72  Average  5.61 4.89 518 566 971 20.39 31.93 4354 5521 6871 3455 732 14.59
StdDev  0.20 0.20 022 041 076 199 257 283 324 343 215 0.56 0.57
Count 28 28 28 28 28 28 28 28 28 28 28 28 28
0901-73  Average  5.44 4.65 492 546 873 1755 2936 41.00 5236 64.36 32.01 753  14.54
StdDev  0.21 0.26 028 073 090 163 201 228 262 301 264 0.68 0.45
Count 11 11 11 11 1 11 11 11 11 11 11 11 11
0906-42  Average  5.43 4.38 463 618 900 1450 23.75 3625 5500 7250 30.66 735  13.85
StdDev  0.22 0.26 029 026 000 058 050 050 082 191 064 0.42 0.37
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
0906-42  Average  4.89 3.89 409 477 671 1057 16.00 22.14 3157 43.86 22.72 8.88  13.86
StdDev  0.28 0.26 029 075 095 151 245 363 519 647 3.18 1.17 1.21
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
3108-55 Average  4.46 4.22 442 439 643 1071 17.71 2586 3543 4843 23.03 936  13.54
StdDev  0.16 0.13 014 020 051 047 061 077 134 231 083 0.53 0.27
Count 14 14 14 14 14 14 14 14 14 14 14 14 14
3108-55 Average  5.33 4.77 504 498 7.70 14.00 2620 4040 56.10 70.80 29.35 838  15.19
StdDev  0.15 0.22 024 037 048 115 220 241 223 210 168 0.49 0.38
Count 10 10 10 10 10 10 10 10 10 10 10 10 10
6915-122 Average  4.84 4.31 453 614 969 1466 2290 33.28 47.48 6372 28.49 776 1472
StdDev  0.17 0.27 029 044 076 104 135 231 234 252 162 0.60 0.55
Count 29 29 29 20 29 29 29 29 29 29 29 29 29
6920-37  Average  5.40 4.90 518  6.87 12.00 18.33 30.00 42.67 56.00 72.00 35.98 7.01 14.93
StdDev  0.10 0.10 041  0.06 000 058 000 058 100 100 025 0.16 0.21
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
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2004 ASPHALT FILM THICKNESS STUDY
Mn/DOT Test Data

(Based on Production Data)

State TOTAL |  ACer ACet PERCENTAGE PASSING SIEVE SA AFT
Project AC | ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SFib) | (Microns) | VMA
36-646-02 Average  5.15 4.78 504 628 867 1850 31.83 41.00 50.50 63.50 33.83 729 1430
StdDev  0.23 0.31 033 055 082 187 343 415 517 517  3.00 0.51 0.74
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
38-602-24 Average  6.43 4.73 505 595 850 1350 2325 37.50 53.50 69.38 30.45 812  15.50
StdDev  0.20 0.18 020 066 076 160 167 141 160 220 2.16 0.74 0.92
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
0406-52  Average  4.61 3.87 406 598 7.80 11.10 14.90 1850 23.60 3230 24.73 8.01 13.58
StdDev  0.27 0.30 032 046 063 099 110 135 201 313 178 0.61 0.82
Count 10 10 10 10 10 10 10 10 10 10 10 10 10
1411-16  Average  5.34 4.97 525 595 845 16.82 33.64 4800 58.82 6873 33.92 755  15.46
StdDev  0.25 0.30 033 041 052 087 169 310 376 890 1.72 0.50 0.98
Count 11 11 11 11 11 11 11 11 11 11 11 11 11
0416-31  Average  5.68 4.92 522 444 660 1580 32.60 49.00 63.80 76.80 30.38 845  15.62
StdDev  0.58 0.64 071 061 114 277 207 235 356 444  3.06 1.58 0.86
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
0416-39  Average  6.08 4.90 522 558 800 17.50 3375 4750 60.25 7525 33.41 7.61 14.93
Std Dev  0.22 0.18 021 031 000 129 2068 129 150 222 040 0.33 0.59
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
1118-20  Average  6.36 5.48 585 498 7.00 16.80 3580 51.80 63.00 7240 32.33 8.81 16.42
StdDev  0.26 0.34 038 026 000 045 148 277 308 305 075 0.47 1.22
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
1118-20  Average  5.95 5.02 534 480 6.90 16.10 34.80 50.50 6240 73.10 31.52 825  16.01
StdDev  0.36 0.33 037 030 032 088 204 337 347 256 1.16 0.51 0.89
Count 10 10 10 10 10 10 10 10 10 10 10 10 10
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2004 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)

State TOTAL |  ACer ACe PERCENTAGE PASSING SIEVE SA AFT
Project AC | ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SFib) | (Microns) | vmA
36-646-02 Average  5.06 4.67 492 546 778 17.22 31.89 4122 50.33 62.67 31.59 7.61 14.53
StdDev  0.05 0.09 009 049 067 148 289 353 400 4.06  2.31 0.48 0.32
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
38-602-24 Average  6.62 5.02 538 515 7.48 1267 22.86 36.62 5271 6819 28.12 936  15.35
StdDev  0.19 0.18 020 048 075 146 215 238 174 202  2.01 0.79 0.63
Count 21 21 21 21 21 21 21 21 21 21 21 21 21
0406-52  Average  4.69 3.94 414 547 748 1078 14.26 1817 23.78 3357 2355 8.63  13.84
StdDev  0.18 0.30 032 063 090 117 148 175 270 426 228 1.01 0.81
Count 23 23 23 23 23 23 23 23 23 23 23 23 23
1411-16  Average  5.19 4.92 518 574 825 16.35 33.80 4835 5895 71.15 33.41 757  15.82
StdDev  0.23 0.27 030 054 064 104 182 278 391 487 198 0.45 0.86
Count 20 20 20 20 20 20 20 20 20 20 20 20 20
0416-31  Average  5.88 5.19 552 367 589 1467 3122 47.78 6144 7556 27.96 966 1547
StdDev  0.51 0.50 056 046 078 194 186 233 270 430 212 1.29 0.80
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
0416-39  Average  6.05 5.02 534 468 7.7 1600 33.00 4650 58.83 74.00 30.77 848  15.30
StdDev  0.14 0.13 015 071 098 155 303 243 183 297 211 0.60 0.43
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
111820  Average  6.22 5.59 596 465 673 1582 34.82 49.36 60.82 69.82 30.87 940  16.32
StdDev  0.33 0.36 040 022 047 087 166 269 279 319 1.26 0.38 0.86
Count 11 11 11 11 11 11 11 11 11 11 11 11 11
111820  Average  5.93 5.16 548 468 6.86 1577 34.32 4945 61.91 7241 31.02 8.63  15.90
StdDev  0.29 0.30 034 034 056 097 348 314 344 350 1.60 0.65 0.83
Count 22 22 22 2 22 22 22 22 22 22 22 22 22
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2004 ASPHALT FILM THICKNESS STUDY

Mn/DOT Test Data

(Based on Production Data)

State TOTAL | ACe ACer PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (sFib) | (Microns) | vMA
1507-23 Average  5.31 4.54 480 631 978 2022 36.00 4922 61.89 7411 36.97 6.32  13.93
StdDev  0.23 0.24 026 029 044 067 122 164 226 285  1.00 0.28 0.52
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
3107-42 Average  5.33 4.42 467 621 1094 2188 3675 50.44 60.75 69.94 38.06 597  14.58
StdDev  0.15 0.17 019 032 044 115 195 266 254 241 110 0.24 0.68
Count 16 16 16 16 16 16 16 16 16 16 16 16 16
5702-42 Average  5.85 4.75 505 570 9.00 2050 36.00 4850 60.00 73.00 35.45 6.93  14.60
StdDev  0.35 0.35 039 028 000 071 141 212 141 000 0.8 0.58 0.99
Count 2 2 2 2 2 2 2 2 2 2 2 2 2
6002-63 Average  5.67 4.90 519 290 6.00 2333 34.67 4500 58.00 70.67 29.43 8.61 15.97
StdDev  0.12 0.10 041 017 000 115 321 361 300 115 094 0.46 0.85
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
6005-53 Average  5.56 4.92 521 626 836 1479 2843 4650 60.93 7293 33.07 768 1524
StdDev  0.31 0.30 033 045 063 089 150 308 451 518  1.87 0.25 0.95
Count 14 14 14 14 14 14 14 14 14 14 14 14 14
6005-53 Average  5.80 5.03 534 619 7.86 13.14 27.00 4514 5957 7257 31.78 819  15.16
StdDev  0.39 0.35 040 033 038 069 100 186 264 336  1.33 0.66 0.45
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
6006-21 Average  5.65 4.35 461 595 800 2000 3250 46.00 6150 78.00 34.57 6.53  14.40
StdDev  0.21 0.07 006 078 141 141 212 283 495 707  3.38 0.73 0.57
Count 2 2 2 2 2 2 2 2 2 2 2 2 2
680421 Average  5.56 4.72 500 407 589 16.07 3050 41.89 53.39 64.68 27.92 872 1524
StdDev  0.17 0.20 021 017 031 090 111 129 173 207 065 0.28 0.47
Count 28 28 28 28 28 28 28 28 28 28 28 28 28
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2004 ASPHALT FILM THICKNESS STUDY

Contractor Test Data
(Based on Production Data)

State TOTAL | ACe ACai PERCENTAGE PASSING SIEVE SA AFT
Project AC | ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SFib) | (Microns) | vmA
1507-23 Average  5.33 4.58 484 567 867 1878 3504 4811 6093 7344 34.56 6.82  14.42
StdDev  0.17 0.16 018 028 055 080 085 122 124 140  1.01 0.27 0.34
Count 27 27 27 271 21 21 21 21 21 27 27 27 27
3107-42 Average  5.29 4.53 479 593 1073 2142 3652 5027 60.91 70.03 37.32 625  14.58
StdDev  0.18 0.19 021 043 063 097 152 196 208 213 144 0.33 0.60
Count 33 33 33 33 33 33 33 33 33 33 33 33 33
5702-42 Average  5.60 4.83 511 565 850 21.00 3650 49.75 61.50 7450 35.48 702  14.85
StdDev  0.29 0.26 029 019 058 082 173 189 173 129 083 0.49 0.64
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
6002-63 Average  5.60 4.90 519  3.30 6.50 23.00 33.50 4450 57.50 71.00 30.05 8.41 15.50
StdDev  0.28 0.14 017 071 071 141 212 354 212 000 047 0.14 1.13
Count 2 2 2 2 2 2 2 2 2 2 2 2 2
6005-53 Average  5.57 4.92 521  6.07 829 1429 27.66 46.03 5957 7129 32.34 785 1527
StdDev  0.20 0.24 026 040 052 075 121 239 320 350 148 0.37 0.70
Count 35 35 35 35 35 3 35 35 35 35 35 35 35
6005-53 Average  5.76 5.04 534 592 800 13.00 26.82 4509 5864 71.36 31.30 833  14.98
StdDev  0.20 0.27 029 051 063 110 178 243 323 372 186 0.49 0.71
Count 11 11 11 11 11 11 11 11 11 11 11 11 11
6006-21 Average  5.30 4.17 440 627 867 2033 3300 46.67 62.00 7867 3573 6.01 13.73
StdDev  0.10 0.06 006 049 058 058 1.00 153 265 404 167 0.34 0.25
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
680421 Average  5.41 4.78 505 373 539 1514 30.18 41.96 53.64 6550 26.78 9.21 15.29
StdDev  0.14 0.21 023 032 057 085 128 148 183 247 119 0.56 0.45
Count 28 28 28 28 28 28 28 28 28 28 28 28 28
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2004 ASPHALT FILM THICKNESS STUDY
Mn/DOT Test Data

(Based on Production Data)

State TOTAL |  ACes ACar PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (sFib) | (Microns) | vmA
44-601-18 Average  5.00 4.30 453 630 10.67 22.00 36.00 48.33 61.67 74.33 37.94 582  13.80
Std Dev 0.4 0.17 020 020 058 100 200 208 153 115 0.86 0.39 0.46
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
57-610-09 Average  6.20 5.23 557 329 588 19.67 3079 4313 56.96 70.04 28.13 972  14.98
Std Dev  0.22 0.20 022 072 099 149 260 185 218 337 224 1.02 0.52
Count 24 24 24 24 24 24 24 24 24 24 24 24 24
57-625-03 Average  5.52 4.58 485 58 920 1840 31.00 46.00 60.80 7500 34.30 6.90  13.70
StdDev  0.15 0.18 020 029 084 114 187 255 179 187 148 0.51 0.60
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
60-601-53 Average  6.11 5.08 541 693 875 1563 33.13 46.63 59.75 7413 3526 747  14.29
StdDev  0.16 0.22 024 044 071 052 113 226 320 364 145 0.29 0.66
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
60-609-19 Average  5.39 4.74 502 489 833 2033 3356 46.78 60.11 80.00 33.37 735  13.88
StdDev  0.18 0.26 028 052 100 166 433 217 237 229 260 0.66 0.47
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
60-609-19 Average  5.72 4.92 522 483 811 17.89 31.33 4344 5744 8278 31.78 8.00  14.21
StdDev  0.15 0.13 015 025 033 060 100 101 159 164  0.80 0.19 0.30
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
60-609-20 Average  5.75 4.73 501 583 900 2025 3650 50.25 6525 80.75 36.15 6.75  14.48
Std Dev  0.24 0.33 036 005 000 126 238 263 222 171 099 0.37 0.78
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
60-609-20 Average  6.18 5.80 6.18 573 925 2075 3550 47.75 59.25 7150 3553 850  16.48
StdDev  0.13 0.12 013 107 096 050 100 150 150 2.38  1.91 0.56 0.24
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
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2004 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)

State TOTAL |  ACes ACar PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (sFib) | (Microns) | vmA
44-601-18  Average  5.14 4.49 473 559 1033 2211 3578 47.89 60.67 73.89 36.52 6.33  14.08
StdDev  0.13 0.18 019 038 071 162 254 285 250 252  1.80 0.41 0.49
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
57-610-09 Average  6.05 5.16 549 365 648 1994 31.64 4415 57.88 70.73 29.40 917  14.98
StdDev  0.17 0.18 020 068 109 162 193 187 212 347 226 0.91 0.50
Count 33 33 33 33 33 33 33 33 33 33 33 33 33
57-625-03 Average  5.50 4.69 496 511 830 17.10 2950 44.40 59.40 73.40 31.81 762  13.81
StdDev  0.18 0.20 022 061 067 110 165 184 158 1.07  1.90 0.58 0.26
Count 10 10 10 10 10 10 10 10 10 10 10 10 10
60-601-53 Average  6.19 5.19 553  6.37 842 1474 3274 46.63 5926 73.79 33.82 798  14.96
StdDev  0.25 0.24 026 061 077 087 163 269 343 387  1.91 0.38 0.45
Count 19 19 19 19 19 19 19 19 19 19 19 19 19
60-609-19 Average  5.42 4.84 512 477 877 2008 3446 4646 59.15 79.08 33.40 748 1415
StdDev  0.13 0.24 026 054 109 180 190 171 182 171  2.31 0.48 0.23
Count 13 13 13 13 13 13 13 13 13 13 13 13 13
60-609-19 Average  5.83 5.02 533 455 813 17.60 30.93 4353 56.87 8247 31.18 834  14.39
StdDev  0.07 0.08 009 033 052 112 116 130 155 160 1.25 0.37 0.20
Count 15 15 15 15 15 15 15 15 15 15 15 15 15
60-609-20 Average  6.03 5.01 533 540 800 19.56 34.67 48.78 63.22 79.78 34.19 7.61 14.54
StdDev  0.18 0.16 018 025 000 151 250 315 303 249 1.28 0.39 0.41
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
60-609-20 Average  6.48 6.08 650 594 913 21.00 3525 4863 60.63 74.38 36.01 879  16.79
StdDev  0.29 0.26 030 028 035 107 198 233 220 185 1.39 0.37 0.61
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
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2004 ASPHALT FILM THICKNESS STUDY
Mn/DOT Test Data

(Based on Production Data)

State TOTAL |  ACes ACe PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SFib) | (Microns) | vmA
68-607-14 Average  6.00 5.02 534 249 430 2650 3590 42.60 52.70 64.10 28.34 9.21 15.14
StdDev  0.17 0.17 019 038 067 178 228 272 295 341 1.96 0.64 0.58
Count 10 10 10 10 10 10 10 10 10 10 10 10 10
Fosston  Average  5.24 4.24 447 614 960 1920 31.80 4620 62.60 77.80 3555 6.13  14.02
StdDev  0.25 0.23 025 035 055 084 110 148 251 277 1.14 0.25 0.43
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
0206-49  Average  5.35 4.83 510 528 950 1950 3525 46.75 56.75 69.50 34.33 723 14.93
StdDev  0.17 0.15 016 026 058 058 096 096 126 238 079 0.13 0.31
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
1103-24  Average  5.28 4.28 451 539 942 1875 32.83 4508 56.17 6858 33.72 6.53  13.78
StdDev  0.22 0.26 028 048 067 122 195 284 381 493 216 0.45 0.70
Count 12 12 12 12 12 12 12 12 12 12 12 12 12
1113-15  Average  5.45 4.69 496 631 981 17.00 30.44 44.00 5575 68.69 34.47 7.01 13.85
StdDev  0.14 0.16 017 049 075 089 163 193 198 241 1.37 0.34 0.50
Count 16 16 16 16 16 16 16 16 16 16 16 16 16
1809-66  Average  5.48 4.74 502 530 811 1556 2822 44.00 5822 72.33 31.26 787 1532
StdDev  0.20 0.17 019 052 093 167 217 274 373 374 245 0.70 0.90
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
1810-88  Average  5.57 4.87 516 507 7.86 14.86 27.43 4371 5871 72.86 30.43 829 1557
Std Dev  0.21 0.15 017 047 090 135 237 335 482 467 248 0.54 0.85
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
3002-09 Average  5.65 4.65 493 500 7.75 1575 2950 41.75 52.75 6450 30.25 7.94 1485
StdDev  0.13 0.19 021 016 050 096 191 275 350 420 1.16 0.31 0.81
Count 4 4 4 4 4 4 4 4 4 4 4 4 4

D-25




2004 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)

State TOTAL |  ACer ACe PERCENTAGE PASSING SIEVE SA AFT
Project AC | ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SFib) | (Microns) | vmA
68-607-14 Average  5.97 5.19 552 244 403 2606 3564 4255 52.67 64.06 27.92 965  15.15
StdDev  0.25 0.25 028 039 047 197 240 250 261 309 1.74 0.70 0.72
Count 33 33 33 33 33 33 33 33 33 33 33 33 33
Fosston  Average 5.14 4.48 472 583 963 18.00 30.63 44.88 61.38 76.00 34.35 6.69  13.98
StdDev  0.17 0.16 017 018 052 076 092 125 151 120 0.92 0.29 0.25
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
0206-49  Average  5.30 5.00 528 520 9.00 18.00 34.00 4550 5550 69.50 33.13 776 14.90
StdDev  0.28 0.42 046 014 000 000 000 071 071 071 033 0.61 0.14
Count 2 2 2 2 2 2 2 2 2 2 2 2 2
1103-24  Average  5.29 4.38 462 484 868 1853 3271 4589 5655 69.03 32.41 6.95  14.20
StdDev  0.17 0.21 023 034 057 095 114 18 233 256  1.20 0.43 0.26
Count 38 38 38 38 38 38 38 38 38 38 38 38 38
1113-15  Average  5.42 4.74 501 575 890 17.00 30.38 44.10 5541 67.97 33.00 740  13.95
StdDev  0.13 0.15 016 034 049 100 172 190 197 229 1.04 0.29 0.48
Count 29 29 29 20 29 29 29 29 29 29 29 29 29
1809-66  Average  5.40 4.87 514 490 7.42 1458 27.33 4333 57.33 7033 29.66 850  15.32
StdDev  0.21 0.23 025 046 090 151 239 274 347 401 221 0.88 0.76
Count 12 12 12 12 12 12 12 12 12 12 12 12 12
1810-88  Average  5.50 4.89 518 476 7.31 1438 26.00 4162 56.38 69.54 28.93 8.81 15.27
StdDev  0.16 0.23 025 091 103 185 252 325 409 491 3.28 0.98 0.55
Count 13 13 13 13 13 13 13 13 13 13 13 13 13
3002-09 Average  5.60 4.69 497 463 7.1 1411 2878 4122 5233 6456 28.62 845  14.72
StdDev  0.21 0.25 028 044 060 105 109 139 132 181 127 0.32 0.49
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
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2004 ASPHALT FILM THICKNESS STUDY

Mn/DOT Test Data

(Based on Production Data)

State TOTAL | ACeq ACer PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | w16 | #8 | #4 | (sFib) | (Microns) | vMA
3005-11 Average  5.15 4.28 4.51 568 9.00 17.82 31.32 4350 54.95 69.41 33.28 6.61 14.30
StdDev  0.22 0.24 026 033 062 091 149 222 263 258 131 0.45 0.73
Count 22 22 22 22 22 22 2 22 22 2 22 22 22
431919 Average  5.30 4.53 478 580 875 1650 31.50 44.00 5425 66.00 32.90 7.08  13.80
StdDev  0.00 0.10 010 059 096 058 173 258 263 316  1.18 0.22 1.12
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
4903-64 Average  5.05 4.30 453 582 969 17.77 2915 40.08 52.85 69.38 33.25 6.64  13.64
StdDev  0.18 0.20 0.21 028 048 083 099 138 157 218  1.02 0.41 0.39
Count 13 13 13 13 13 13 13 13 13 13 13 13 13
7305-86 Average  5.50 4.55 4.81 645 950 17.00 30.50 46.00 60.00 74.00 34.95 6.72  14.40
StdDev  0.14 0.07 008 035 071 141 212 283 283 283 211 0.29 0.00
Count 2 2 2 2 2 2 2 2 2 2 2 2 2
7305-86 Average  5.08 4.53 477 575 875 1625 2925 4325 5825 73.00 32.67 712 13.75
StdDev  0.34 0.33 036 019 050 096 171 150 263 200  1.01 0.66 0.47
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
7305-86 Average  5.57 4.81 510 590 8.86 1629 2857 42.86 58.00 70.86 32.81 7.61 15.06
StdDev  0.39 0.35 039 061 107 180 321 406 432 508 297 0.70 0.96
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
7316-11 Average  5.54 4.82 510 526 7.20 11.80 2220 36.80 49.80 63.20 27.58 9.03  14.50
StdDev  0.18 0.18 020 040 084 084 130 228 377 421 135 0.60 0.96
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
7316-11  Average  5.23 4.51 476 596 875 1425 2413 3650 51.25 69.75  30.81 753  14.28
StdDev  0.17 0.20 0.21 026 046 046 064 131 225 243 091 0.35 0.50
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
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2004 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)

State TOTAL |  ACer ACe PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (sFib) | (Microns) | vMA
3005-11 Average  5.15 4.39 463 479 766 1591 30.69 4243 5377 6857 30.24 7.47 14.34
StdDev  0.26 0.25 027 041 059 115 183 220 257 238 157 0.55 0.64
Count 35 35 35 35 3 35 35 35 35 35 35 35 35
431919 Average  5.26 4.54 479 544 800 1940 3040 4240 53.00 6520 32.40 7.22 14.00
StdDev  0.25 0.15 016 0588 071 559 195 207 173 259 208 0.34 0.84
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
4903-64 Average  5.26 4.43 467 596 9.14 17.40 2949 40.09 5269 68.77 33.05 6.94 14.28
StdDev  0.14 0.20 021 083 124 142 170 224 301 337 261 0.73 0.39
Count 35 35 35 35 3 35 35 35 35 35 35 35 35
7305-86 Average  5.30 4.57 482 597 9.00 16.00 29.67 4333 57.00 70.00 33.05 7.15 14.17
StdDev  0.10 0.25 027 081 100 200 153 115 173 100 2.86 0.87 0.12
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
7305-86 Average  5.31 4.76 503 479 729 1471 2857 4257 5629 7071 29.51 8.29 13.86
StdDev  0.41 0.42 046 048 076 138 172 207 304 330 197 0.38 0.39
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
7305-86 Average  5.54 4.83 512 516 7.75 1467 27.25 40.75 5567 68.67 29.98 8.36 14.84
StdDev  0.38 0.35 040 066 087 144 222 273 323 444 247 0.87 0.79
Count 12 12 12 12 12 12 12 12 12 12 12 12 12
7316-11  Average  5.52 4.77 505 457 622 1044 2167 3644 51.78 6511 2550 9.72 14.69
StdDev  0.19 0.28 030 066 067 101 173 251 311 341 204 1.24 0.84
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
7316-11  Average  5.15 4.55 480 536 7.69 1288 2275 3506 50.75 68.63 28.44 8.23 14.39
StdDev  0.22 0.17 019 034 070 089 129 173 252 266 151 0.41 0.42
Count 16 16 16 16 16 16 16 16 16 16 16 16 16
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2004 ASPHALT FILM THICKNESS STUDY

Mn/DOT Test Data

(Based on Production Data)

State TOTAL |  ACes ACar PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (sFib) | (Microns) | vmA
7701-34  Average  5.79 4.81 511 553 829 17.43 3343 46.86 59.71 7343 33.33 747 1476
StdDev  0.20 0.22 023 027 049 053 053 069 076 140 0.95 0.46 0.28
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
01-602-12 Average  6.43 5.00 534 437 6.14 11.00 23.14 4457 60.00 71.71 26.62 979  15.13
StdDev  0.18 0.18 020 045 038 115 121 162 216 269 147 0.49 0.39
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
01-602-12 Average  6.50 5.00 535 454 640 10.80 23.80 44.40 60.00 72.40 27.08 962  14.82
StdDev  0.21 0.19 021 015 055 045 084 114 158 152 055 0.43 0.75
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
05-604-20 Average  5.65 5.10 541 560 800 16.00 33.00 49.50 60.00 69.50 32.93 799 1435
Std Dev  0.21 0.28 031 014 000 000 141 212 283 354 078 0.27 0.64
Count 2 2 2 2 2 2 2 2 2 2 2 2 2
11-596-02 Average  5.57 4.90 519 487 867 18.00 33.67 46.33 58.00 71.00 32.55 778 1483
StdDev  0.12 0.17 019 045 058 100 058 115 100 173 157 0.51 0.21
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
11-606-07 Average  5.94 5.39 573 457 7.4 1429 2957 4557 5814 7043 29.41 950  16.50
StdDev  0.28 0.24 027 022 038 076 190 341 426 447 137 0.63 0.90
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
11-613-02 Average  5.80 5.09 541 398 642 13.33 2933 4575 57.00 67.00 27.60 954  15.50
StdDev  0.26 0.33 036 035 051 078 161 277 352 388 1.26 0.55 0.72
Count 12 12 12 12 12 12 12 12 12 12 12 12 12
18-601-16 Average  5.92 5.00 531 572 10.33 2150 37.00 49.67 60.33 72.67 36.82 7.04 1527
StdDev  0.08 0.06 007 045 052 084 126 175 242 327 170 0.29 0.37
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
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2004 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)

State TOTAL |  ACes ACar PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (sFib) | (Microns) | vmA
7701-34  Average  5.51 4.89 517 501 729 1657 3229 46.00 58.00 71.57 31.32 8.06  15.04
StdDev  0.17 0.23 025 038 049 113 111 191 245 223  1.32 0.58 0.46
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
01-602-12 Average  6.26 5.08 542 445 594 1071 23.06 4435 59.12 71.76 26.48 998  14.94
StdDev  0.14 0.15 016 033 043 092 097 158 169 199  1.12 0.38 0.38
Count 17 17 17 17 17 17 17 17 17 17 17 17 17
01-602-12 Average  6.29 5.13 548 435 592 10.85 24.31 4554 6054 73.15 26.70 999 1517
StdDev  0.18 0.19 021 025 028 038 125 145 156 163  0.89 0.40 0.39
Count 13 13 13 13 13 13 13 13 13 13 13 13 13
05-604-20 Average  5.80 5.36 569 503 7.71 1543 32.86 49.29 60.14 7029 31.66 878  15.00
Std Dev  0.24 0.24 027 065 095 079 121 189 219 236 201 0.77 0.46
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
11-596-02 Average  5.63 4.88 517 448 7.63 17.00 32.75 4588 56.88 69.25 30.75 822  15.01
StdDev  0.30 0.29 032 070 106 131 167 217 203 238 249 0.70 0.45
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
11-606-07 Average  5.77 5.40 573 425 645 1391 2964 4418 56.36 67.55 28.14 996  16.11
StdDev  0.20 0.27 030 025 069 158 220 279 546 380 1.78 0.85 0.70
Count 11 11 11 11 11 11 11 11 11 11 11 11 11
11-613-02 Average  5.77 5.21 553 381 581 13.31 2088 4531 56.69 66.38 26.97 9.99 1547
Std Dev  0.31 0.31 034 029 040 060 141 244 309 330 1.12 0.57 0.63
Count 16 16 16 16 16 16 16 16 16 16 16 16 16
18-601-16 Average  6.05 5.03 536 524 10.06 22.00 37.38 50.69 61.44 7344 3624 7.21 15.59
StdDev  0.13 0.12 013 042 068 073 102 154 203 219 1.36 0.35 0.33
Count 16 16 16 16 16 16 16 16 16 16 16 16 16
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2004 ASPHALT FILM THICKNESS STUDY
Mn/DOT Test Data

(Based on Production Data)

State TOTAL |  ACes ACe PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SFib) | (Microns) | vmA
18-620-08 Average  5.90 5.03 534 460 800 17.25 3150 4750 60.25 7250 31.41 8.34 1563
StdDev  0.24 0.17 019 085 141 310 387 420 427 520 3.66 0.71 0.46
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
18-620-08 Average  5.43 4.60 486 547 867 1633 32.00 46.00 56.67 67.67 32.63 727 14.73
StdDev  0.06 0.20 021 021 058 058 173 265 321 404 1.33 0.41 0.76
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
30-604-17 Average  5.64 4.68 495 491 7.88 16.38 31.88 4500 56.00 67.75 31.16 780  14.09
Std Dev  0.32 0.17 018 064 136 226 376 325 239 238 2.89 0.76 0.45
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
33-606-20 Average  5.13 4.33 456  6.05 950 1825 3150 4350 5500 6825 34.31 6.47  14.28
StdDev  0.30 0.35 038 066 100 050 058 129 1.83 206  1.89 0.38 0.69
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
33-608-13 Average  5.40 4.80 507 564 860 1660 30.00 43.60 56.20 68.00 32.46 762  13.66
StdDev  0.16 0.12 014 055 055 055 158 1.82 192 187 094 0.35 0.59
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
33-617-08 Average  5.43 4.75 502 573 900 17.50 31.00 43.00 5425 67.25 33.11 739  14.23
StdDev  0.22 0.24 026 029 000 058 082 141 171 250 082 0.48 0.61
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
33-617-08 Average  5.23 4.40 464 633 967 1833 3133 4267 5400 67.67 34.75 6.51 13.53
StdDev  0.12 0.10 011 025 058 058 058 058 1.00 153 0.96 0.33 0.35
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
49-649-06 Average  5.86 5.13 545 532 847 16.07 31.07 4593 59.07 71.60 32.23 825  14.79
StdDev  0.27 0.35 039 043 074 179 252 294 418 569  1.98 0.61 0.88
Count 15 15 15 15 15 15 15 15 15 15 15 15 15
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2004 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)

State TOTAL |  ACer ACe PERCENTAGE PASSING SIEVE SA AFT
Project AC | ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SFib) | (Microns) | vmA
18-620-08 Average  5.77 5.12 544 460 7.89 1822 3278 4822 6144 7322 3193 836  15.69
StdDev  0.26 0.19 021 067 117 277 380 393 368 406  3.21 0.75 0.46
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
18-620-08 Average  5.34 4.67 494 519 7.86 1657 31.86 4586 5643 67.57 31.72 758  14.76
StdDev  0.17 0.27 029 025 038 098 146 219 264 237 125 0.36 0.49
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
30-604-17 Average  5.38 4.70 497 523 850 16.00 2950 4150 53.75 67.75 31.22 777 1420
StdDev  0.38 0.56 061 031 058 082 058 058 050 126  1.01 1.08 0.41
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
33-606-20 Average  5.26 4.63 488 581 963 18.13 32.00 43.38 54.38 67.75 33.99 7.03  14.44
StdDev  0.30 0.28 030 044 226 164 131 130 119 158 223 0.70 0.20
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
33-608-13 Average  5.68 4.94 524 568 800 16.60 30.80 44.20 57.40 69.20 32.40 789  14.60
StdDev  0.13 0.09 010 083 071 055 1.10 084 114 110 1.62 0.47 0.67
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
33-617-08 Average  5.62 5.05 536 543 855 17.09 31.27 4309 54.18 67.09 32.27 8.09  14.89
StdDev  0.17 0.27 030 040 069 083 065 114 140 170  1.31 0.56 0.40
Count 11 11 11 11 11 11 11 11 11 11 11 11 11
33-617-08 Average  5.21 4.60 485 564 940 17.90 3120 4250 53.30 66.60 33.27 714 14.16
StdDev  0.27 0.26 029 047 207 160 175 184 211 246  2.41 0.74 0.39
Count 10 10 10 10 10 10 10 10 10 10 10 10 10
49-649-06 Average  5.94 5.18 550 508 7.69 16.06 3044 44.94 5756 69.38 31.11 8.64 1514
StdDev  0.21 0.30 034 077 079 181 278 198 365 696 224 0.63 0.87
Count 16 16 16 16 16 16 16 16 16 16 16 16 16
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2004 ASPHALT FILM THICKNESS STUDY
Mn/DOT Test Data

(Based on Production Data)

State TOTAL |  ACes ACe PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SFib) | (Microns) | vmA
73-601-41 Average  5.52 4.82 510 580 860 1540 3040 4400 5540 6840 32.42 770  14.08
StdDev  0.28 0.19 021 060 089 134 152 292 329 397 218 0.74 0.74
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
73-607-27 Average  5.57 4.93 522 497 7.67 1500 31.33 4667 58.00 67.67 30.84 825  15.30
StdDev  0.32 0.21 024 023 058 100 153 153 265 321 147 0.17 0.40
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
73-617-30 Average  5.28 4.67 493 538 7.83 1217 2233 3450 48.83 6417 28.09 859  14.08
StdDev  0.04 0.18 019 052 075 117 151 226 397 519 1.95 0.81 0.88
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
73-617-30 Average  5.40 4.73 500 493 7.00 1033 17.50 27.83 40.50 56.33 24.62 9.93  14.05
StdDev  0.23 0.26 028 034 063 103 105 172 302 450 1.35 0.90 0.55
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
86-603-15 Average  6.26 5.09 543 535 7.38 1250 2500 41.38 59.25 77.38 29.46 8.98  14.81
StdDev  0.18 0.16 017 043 052 076 141 239 311 389 1.29 0.32 0.68
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
86-603-15 Average  5.79 4.71 500 497 6.89 12.00 2622 4233 5811 7311 2852 853  14.20
StdDev  0.27 0.28 031 023 033 050 148 229 226 215  1.00 0.33 0.42
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
80-609-17 Average  5.65 4.85 514 600 925 1800 32.75 4550 56.00 6550 34.33 730 1325
StdDev  0.13 0.19 020 042 050 000 126 129 163 1.00 1.04 0.43 0.26
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
86-103-04 Average  6.18 5.55 592 575 900 18.00 33.75 47.00 58.25 6850 34.19 846  15.00
StdDev  0.22 0.13 015 050 0.82 141 222 245 263 289 217 0.66 0.57
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
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2004 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)

State TOTAL |  ACer ACe PERCENTAGE PASSING SIEVE SA AFT
Project AC | ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SFib) | (Microns) | vmA
73-601-41 Average  5.68 4.92 521 542 7.83 1517 30.17 4367 54.33 6750 31.16 819  14.65
StdDev  0.27 0.17 019 073 117 147 117 207 242 266 2.33 0.76 0.62
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
73-607-27 Average  5.56 5.30 561 460 7.20 1420 3160 47.00 58.60 68.60 29.84 9.18  15.38
StdDev  0.11 0.21 023 048 045 110 219 308 336 297 193 0.61 0.43
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
73-617-30 Average  5.50 4.76 504 485 691 1127 2164 33.82 47.27 6227 2617 943 1443
StdDev  0.24 0.28 031 056 070 110 157 166 224 269  2.00 0.88 0.51
Count 11 11 11 11 11 11 11 11 11 11 11 11 11
73-617-30 Average  5.35 4.82 509 423 633 967 17.83 2833 41.83 58.00 23.07 1078  14.80
StdDev  0.26 0.22 025 038 052 082 194 314 366 452 140 0.84 0.68
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
86-603-15 Average  6.19 5.17 552 508 6.91 11.83 2461 4117 57.74 7491 2837 948  15.00
StdDev  0.14 0.15 016 034 051 072 147 253 336 367 1.32 0.41 0.55
Count 23 23 23 23 23 23 23 23 23 23 23 23 23
86-603-15 Average  5.72 4.86 515 445 596 1127 2558 4212 56.73 7123 26.72 942 1451
StdDev  0.19 0.17 019 038 045 083 206 288 348 346 158 0.56 0.49
Count 26 26 26 26 26 26 26 26 26 26 26 26 26
80-609-17 Average  5.73 4.76 505 628 840 17.10 3270 44.80 5540 6540 33.90 727  14.03
StdDev  0.11 0.12 012 068 070 074 134 162 151 171 147 0.38 0.25
Count 10 10 10 10 10 10 10 10 10 10 10 10 10
86-103-04 Average  5.96 5.34 568 557 829 17.29 3257 4529 5629 66.86 32.84 843 1527
StdDev  0.23 0.13 015 034 049 095 151 150 180 1.68 143 0.26 0.42
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
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2004 ASPHALT FILM THICKNESS STUDY
Mn/DOT Test Data

(Based on Production Data)

State TOTAL | ACe ACer PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (By Agg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SFib) | (Microns) | vMA
86-103-04  Average  6.55 5.73 613 588 9.00 1825 3475 4950 61.75 7475 35.07 8.51 15.95
StdDev  0.19 0.22 025 015 000 050 171 311 359 310 072 0.40 0.93
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
86-134-043 Average  6.03 5.20 553 568 9.00 18.00 3500 50.25 63.00 73.75 34.80 774 1530
StdDev  0.21 0.16 018 015 000 000 082 126 163 171 039 0.23 0.57
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
86-134-043 Average  6.27 5.50 587 597 967 17.67 3233 47.33 62.00 7500 34.94 818  15.70
StdDev  0.23 0.26 030 015 058 058 208 306 458 557 155 0.06 1.22
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
86-630-19  Average  5.90 5.10 542 553 867 18.00 34.00 4867 61.00 71.67 33.98 778  15.37
StdDev  0.00 0.17 018 021 058 000 100 208 265 289 0.94 0.46 0.55
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
86-630-19  Average  6.08 5.28 562 560 9.00 17.00 30.75 4475 5950 7250 33.18 824 1535
StdDev  0.15 0.10 041 022 000 000 096 150 252 252 013 0.16 0.78
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
141-03-28  Average  5.73 4.87 516 587 8.00 14.00 28.33 40.67 53.67 66.67 31.09 813  13.50
StdDev  0.06 0.12 013 065 100 100 115 153 252 308 2.36 0.82 0.26
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
141-03-28  Average  5.68 4.60 488 630 875 1500 29.00 41.75 5550 70.00 32.85 723  13.68
StdDev  0.29 0.32 035 041 096 082 141 126 173 141 173 0.34 0.35
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
0303-60  Average  5.36 4.25 450 585 823 1531 2931 4323 56.92 69.23 32.11 6.84  13.99
StdDev  0.25 0.26 028 071 117 111 206 311 373 361 212 0.53 1.30
Count 13 13 13 13 13 13 13 13 13 13 13 13 13
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2004 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)

State TOTAL | ACe ACaer PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (By Agg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SFib) | (Microns) | vMA
86-103-04  Average  6.31 5.56 504 584 888 17.75 3425 4850 61.00 73.63 34.58 837  16.36
StdDev  0.17 0.11 012 031 035 046 139 177 251 192  1.02 0.27 0.51
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
86-134-043 Average  5.86 5.31 564 573 825 1750 34.13 4863 61.13 7163 33.91 8.11 15.44
StdDev  0.17 0.15 016 038 046 053 083 106 146 141 090 0.32 0.41
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
86-134-043 Average  6.08 5.43 578 618 900 17.75 3175 4575 5950 7250 34.54 8.14  15.95
StdDev  0.22 0.22 025 015 0.00 050 1.89 330 451 592  0.90 0.16 0.98
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
86-630-19  Average  5.67 5.03 534 540 8.00 16.83 32.83 46.17 57.83 6850 32.46 8.01 15.17
StdDev  0.16 0.10 012 027 000 075 133 240 325 367 1.00 0.15 0.74
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
86-630-19  Average  6.02 5.45 580 592 875 17.33 31.08 4500 59.67 73.08 33.72 838  16.18
StdDev  0.17 0.12 014 033 045 089 151 213 296 378  1.34 0.30 0.64
Count 12 12 12 12 12 12 12 12 12 12 12 12 12
141-03-28  Average  5.54 4.78 506 620 7.88 13.63 28.38 4150 55.13 67.88 31.59 783  14.34
StdDev  0.11 0.17 018 080 064 106 160 288 318 360 213 0.71 0.59
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
141-03-28  Average  5.71 4.76 505  6.04 809 1491 30.45 42.09 55.00 6945 32.21 765  14.30
StdDev  0.27 0.21 023 060 070 122 221 187 195 202 176 0.45 0.54
Count 11 11 11 11 11 11 11 11 11 11 11 11 11
0303-60  Average  5.53 4.47 474 445 663 1337 27.42 42.89 56.68 70.37 28.06 829  14.39
StdDev  0.22 0.19 021 078 107 161 276 420 351 329 284 0.85 0.84
Count 19 19 19 19 19 19 19 19 19 19 19 19 19
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2004 ASPHALT FILM THICKNESS STUDY

Mn/DOT Test Data

(Based on Production Data)

State TOTAL | ACe ACer PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (sFib) | (Microns) | vMA
2102-50 Average  6.16 4.90 522 534 7.40 1400 2920 4420 59.80 7320 30.66 830  15.18
StdDev  0.18 0.25 028 044 055 122 179 192 228 356  1.80 0.41 0.37
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
2108-04 Average  5.76 5.09 540 544 839 16.09 30.70 4587 5822 69.78 32.25 817  15.21
StdDev  0.19 0.19 021 039 066 108 334 332 307 334 1.94 0.36 0.53
Count 23 23 23 23 23 23 23 23 23 23 23 23 23
2180-92 Average  5.68 4.71 499 735 10.38 1675 26.63 37.19 5344 70.75 3527 6.90  14.28
StdDev  0.18 0.16 017 038 050 068 150 217 287 277  1.34 0.27 0.36
Count 16 16 16 16 16 16 16 16 16 16 16 16 16
2609-30 Average  6.20 4.93 525 550 7.57 14.43 2886 43.86 5943 73.14 31.06 825  14.91
StdDev  0.23 0.20 022 037 053 140 204 168 151 186 157 0.37 0.52
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
5617-28 Average  5.41 4.43 469 588 842 1721 3321 47.32 6042 7205 33.91 6.74  14.55
StdDev  0.18 0.19 021 042 051 103 158 200 212 276 141 0.36 0.51
Count 19 19 19 19 19 19 19 19 19 19 19 19 19
5617-28 Average  6.09 5.01 534 555 800 16.38 32.00 46.13 5950 70.88 32.56 8.01 14.14
StdDev  0.34 0.48 053 058 076 151 312 405 382 402 199 0.86 1.30
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
2509-19 Average  5.80 4.43 471 443 7.00 1400 29.00 41.00 50.33 62.33 28.09 8.15  13.63
StdDev  0.26 0.45 049 021 000 000 100 265 321 231 082 0.61 0.35
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
2801-64 Average  5.77 4.50 478 520 833 2000 3867 4533 51.00 6200 33.64 6.95  14.50
StdDev  0.47 0.26 031 075 153 200 153 208 265 265 321 0.71 0.62
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
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2004 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)

State TOTAL |  ACer ACe PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (sFib) | (Microns) | vMA
2102-50 Average  6.13 4.87 519 423 617 12.83 26.83 4283 57.67 7167 27.25 9.28 15.02
StdDev  0.23 0.30 033 025 041 041 147 172 301 339 077 0.69 0.46
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
2108-04 Average  5.79 5.18 549 470 7.3 1453 2882 44.03 56.68 69.95 29.38 9.14 15.62
StdDev  0.08 0.09 010 044 066 098 156 194 224 216 172 0.53 0.26
Count 38 38 38 38 38 38 38 38 38 38 38 38 38
2180-92 Average  5.45 4.63 489 624 905 1521 2442 3595 5179 7253 31.79 7.50 14.29
StdDev  0.20 0.17 019 026 040 079 157 237 310 329 107 0.37 0.30
Count 19 19 19 19 19 19 19 19 19 19 19 19 19
2609-30 Average  6.00 4.91 522 471 6.82 1327 2627 42.36 57.55 72.36 28.42 8.96 14.95
StdDev  0.13 0.22 024 036 060 090 119 129 181 201 135 0.47 0.40
Count 11 11 11 1 11 11 11 11 11 11 11 11 11
5617-28 Average  5.55 4.56 482 513 7.70 1613 31.65 4678 59.30 72.48 3165 7.44 14.60
StdDev  0.13 0.15 016 054 070 097 143 165 155 181 154 0.45 0.37
Count 23 23 23 23 23 23 23 23 23 23 23 23 23
5617-28 Average  6.13 5.09 542 502 7.56 1567 31.00 46.11 6056 7211 31.16 8.51 14.86
StdDev  0.29 0.40 044 077 151 150 206 252 343 280 216 0.91 0.98
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
2509-19 Average  5.70 4.61 489 477 740 1470 31.00 4400 5430 66.80 29.67 8.03 14.11
StdDev  0.25 0.28 031 026 032 067 200 275 356 399 136 0.50 0.61
Count 10 10 10 10 10 10 10 10 10 10 10 10 10
2801-64 Average  5.71 4.75 504  4.86 7.60 1830 37.80 44.70 5040 61.70 31.94 7.72 14.37
StdDev  0.13 0.15 017 085 107 142 114 134 143 157 269 0.61 0.34
Count 10 10 10 10 10 10 10 10 10 10 10 10 10
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2004 ASPHALT FILM THICKNESS STUDY

Mn/DOT Test Data

(Based on Production Data)

State TOTAL | ACe ACer PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (sFib) | (Microns) | vMA
2801-64 Average  5.35 4.43 468 510 850 2150 3950 4550 51.75 63.00 34.21 6.66  14.60
StdDev  0.19 0.15 017 029 058 058 058 058 050 000 0.71 0.38 0.28
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
5502-85 Average  5.74 4.96 526 551 047 2320 37.53 44.93 5220 65.33 35.71 724 1516
StdDev  0.22 0.23 025 084 106 268 311 252 166 154  3.14 0.83 0.85
Count 15 15 15 15 15 15 15 15 15 15 15 15 15
5502-85 Average  5.90 5.38 571 558 950 2525 4125 4925 5800 69.50 37.62 740  16.18
StdDev  0.14 0.33 036 068 058 287 435 411 337 420 266 0.31 1.28
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
5502-85 Average  5.58 5.03 532 530 950 2225 3575 44.00 5525 73.00 35.05 740 1433
StdDev  0.13 0.10 041 024 100 126 050 082 126 183 107 0.23 0.84
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
5502-85 Average  5.63 4.60 487 535 975 1675 2425 3225 4750 7125 30.74 775  14.80
StdDev  0.05 0.22 023 030 096 150 126 126 1.00 096  1.69 0.73 0.72
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
5502-85 Average  5.61 5.03 532  6.00 10.75 25.13 38.00 46.88 56.50 69.75 38.31 6.80  15.58
StdDev  0.15 0.23 024 083 116 181 355 236 239 255 283 0.55 0.54
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
5509-69 Average  5.64 5.04 534 526 920 2240 34.00 4440 56.00 7320 34.67 750  14.60
StdDev  0.17 0.11 013 023 045 114 394 114 100 130  0.34 0.22 0.77
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
5509-69 Average  5.61 4.64 492 484 1000 17.14 2571 33.86 4857 7014 30.55 787  14.69
StdDev  0.11 0.21 023 056 100 157 221 248 237 18 193 0.56 0.51
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
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2004 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)

State TOTAL | ACer ACe PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (sFib) | (Microns) | vMA
2801-64 Average  5.70 4.76 505 408 7.00 1855 39.00 4573 52.00 63.73 30.77 8.01 14.91
StdDev  0.12 0.12 013 034 045 082 141 168 205 257 129 0.39 0.48
Count 11 11 11 1 11 11 11 11 11 11 11 11 11
5502-85 Average  5.71 5.03 533 532 818 2204 3579 43.11 50.61 63.86 33.79 7.72 15.03
StdDev  0.19 0.21 023 068 094 246 319 279 263 238 266 0.61 0.73
Count 28 28 28 28 28 28 28 28 28 28 28 28 28
5502-85 Average  5.86 5.34 567 508 820 2280 37.80 47.00 56.00 6820 34.54 8.00 15.84
StdDev  0.15 0.36 039 052 084 303 460 4068 374 531 227 0.25 1.36
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
5502-85 Average  5.52 5.02 531 436 7.40 19.80 3220 40.20 52.00 68.80 30.54 8.49 14.40
StdDev  0.11 0.25 027 064 055 130 130 130 200 249  1.38 0.67 0.54
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
5502-85 Average  5.68 4.72 500 412 6.80 1360 2120 29.60 4580 70.00 25.32 9.70 14.66
StdDev  0.04 0.08 009 074 084 152 192 230 286 187 232 1.00 0.45
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
5502-85 Average  5.63 5.11 542 498 830 22.80 3740 4510 5510 68.60 34.21 7.73 15.84
StdDev  0.16 0.19 021 060 095 148 178 202 251 222  1.99 0.41 0.58
Count 10 10 10 10 10 10 10 10 10 10 10 10 10
5509-69 Average  5.69 5.14 545 441 7.77 2077 33.62 4246 5469 7115 31.66 8.39 14.88
StdDev  0.17 0.19 021 039 044 147 150 207 259 254 127 0.41 0.52
Count 13 13 13 13 13 13 13 13 13 13 13 13 13
5509-69 Average  5.63 4.68 496 415 7.31 1477 2308 3208 4862 7077 26.61 9.14 14.61
StdDev  0.09 0.15 016 053 075 154 225 296 362 268 207 0.86 0.33
Count 13 13 13 13 13 13 13 13 13 13 13 13 13
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2004 ASPHALT FILM THICKNESS STUDY
Mn/DOT Test Data

(Based on Production Data)

State TOTAL |  ACes ACar PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (sFib) | (Microns) | vmA
5509-69  Average  5.90 4.70 499 485 650 1450 31.00 4350 5350 66.00 29.29 8.31 14.00
StdDev  0.14 0.00 001 021 071 071 141 071 071 141  1.06 0.31 0.42
Count 2 2 2 2 2 2 2 2 2 2 2 2 2
5509-69  Average  5.64 4.97 527  6.00 10.71 2529 3857 4571 54.86 6929 38.25 6.71 14.90
StdDev  0.19 0.20 021 029 049 095 098 138 186 198  1.02 0.17 0.57
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
5617-28  Average  5.41 4.43 469 588 842 1721 3321 47.32 6042 72.05 33.91 6.74 1455
StdDev  0.18 0.19 021 042 051 103 158 200 212 276  1.41 0.36 0.51
Count 19 19 19 19 19 19 19 19 19 19 19 19 19
5617-28  Average  6.09 5.01 534 555 800 16.38 32.00 46.13 59.50 70.88 32.56 8.01 14.14
StdDev  0.34 0.48 053 058 076 151 312 405 382 402 1.99 0.86 1.30
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
7901-41  Average  5.44 4.68 495 505 945 1918 31.91 4118 54.45 72.36 32.89 739 1483
StdDev  0.14 0.22 024 083 121 322 288 282 347 350 3.49 0.73 0.37
Count 11 11 11 11 1 11 11 11 11 11 11 11 11
7901-41  Average  6.01 4.75 505 470 964 19.82 3027 3882 51.64 7209 32.10 770 14.74
StdDev  0.25 0.19 021 091 103 133 168 199 262 396 2.76 0.60 0.36
Count 11 11 11 11 11 11 11 11 11 11 11 11 11
66-623-08 Average  5.00 413 434 483 675 1200 2125 3225 48.00 6325 26.11 8.11 14.50
StdDev  0.00 0.10 010 019 050 082 150 171 183 206  1.10 0.49 0.08
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
66-623-08 Average  6.30 5.40 576 427 567 933 2033 38.00 57.67 7500 24.72 1139  15.83
StdDev  0.20 0.17 020 059 058 058 058 000 058 1.00 1.42 0.94 0.49
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
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2004 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)

State TOTAL |  ACer ACe PERCENTAGE PASSING SIEVE SA AFT
Project AC | ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SFib) | (Microns) | vmA
5509-69  Average  6.00 4.87 518 439 6.14 13.86 3043 4300 5329 66.00 28.01 9.02  14.54
StdDev  0.32 0.14 016 049 069 069 098 183 221 238 1.33 0.29 0.55
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
5509-69  Average  5.69 5.13 544 502 847 2307 3687 4520 54.33 67.93 34.34 774 1556
StdDev  0.07 0.17 018 049 064 149 125 142 145 294  1.80 0.45 0.25
Count 15 15 15 15 15 15 15 15 15 15 15 15 15
5617-28  Average  5.55 4.56 482 513 7.70 1613 3165 46.78 59.30 72.48 31.65 744 1460
StdDev  0.13 0.15 016 054 070 097 143 165 155 181 154 0.45 0.37
Count 23 23 23 23 23 23 23 23 23 23 23 23 23
5617-28  Average  6.13 5.09 542 502 756 1567 31.00 4611 60.56 72.11 31.16 8.51 14.86
StdDev  0.29 0.40 044 077 151 150 206 252 343 280 216 0.91 0.98
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
7901-41  Average  5.47 4.71 499 427 750 16.94 2981 39.81 52.88 7175 29.32 8.33  14.83
StdDev  0.12 0.17 018 087 089 157 160 214 268 3.02 259 0.70 0.37
Count 16 16 16 16 16 16 16 16 16 16 16 16 16
7901-41  Average  5.99 4.69 499 385 733 17.00 2847 37.63 50.73 7273 2813 872  14.66
StdDev  0.39 0.28 032 079 109 151 187 203 260 373 273 0.94 0.57
Count 30 30 30 30 3 30 30 30 30 30 30 30 30
66-623-08 Average  5.03 4.27 450 485 6.45 11.36 19.91 3291 4818 6373 25066 857  14.15
StdDev  0.09 0.18 020 037 052 081 145 170 223 269 1.33 0.69 0.28
Count 11 11 11 11 11 11 11 11 11 11 11 11 11
66-623-08 Average  6.27 5.41 577 372 484 953 2032 3874 57.89 7405 23.45 1202  15.94
StdDev  0.21 0.18 020 037 050 096 173 166 231 250 1.10 0.74 0.52
Count 19 19 19 19 19 19 19 19 19 19 19 19 19
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2004 ASPHALT FILM THICKNESS STUDY
Mn/DOT Test Data

(Based on Production Data)

State TOTAL | ACe ACar PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (By Agg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SF/b) | (Microns) | vMA
Dodge Co.  Average  5.67 5.10 541 583 967 24.00 3867 47.00 56.33 71.33 37.19 7.09 1473
StdDev  0.06 0.20 021 040 058 1.00 153 200 208 252 167 0.41 0.15
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
Dodge Co.  Average  6.00 5.30 564  6.00 1050 26.00 43.00 51.50 5850 71.00 39.60 6.94  15.50
StdDev  0.14 0.14 014 014 071 141 000 071 212 141  0.91 0.33 0.42
Count 2 2 2 2 2 2 2 2 2 2 2 2 2
Filmore Co.  Average  5.85 5.10 542 250 500 18.00 36.00 4550 52.50 64.00 26.46 9.99  16.25
StdDev  0.07 0.00 000 057 0.00 000 141 354 212 000 147 0.56 0.49
Count 2 2 2 2 2 2 2 2 2 2 2 2 2
Goodhue Co.  Average  5.25 4.50 475 460 750 1250 2150 32.00 47.50 67.00 26.42 875  14.55
StdDev  0.07 0.00 000 057 071 071 071 141 071 000 003 0.00 0.07
Count 2 2 2 2 2 2 2 2 2 2 2 2 2
Goodhue Co.  Average  5.58 4.93 522 514 813 1463 2550 37.50 53.38 71.88 29.63 8.61 14.93
StdDev  0.26 0.28 031 068 083 074 131 193 272 327 1.92 0.79 0.55
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
Goodhue Co.  Average  5.33 4.67 493 437 7.00 1533 2967 4167 53.33 67.00 28.75 835  14.47
StdDev  0.12 0.12 013 031 000 058 115 115 153 265  0.33 0.19 0.35
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
Houston Co.  Average  5.78 4.63 492 358 7.00 20.83 32.83 37.67 46.17 7017 29.04 837  13.70
StdDev  0.15 0.16 018 093 141 256 264 288 271 183  3.30 1.33 0.42
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
Houston Co.  Average  5.60 4.37 463 423 743 1971 3000 3329 39.71 58.00 28.75 7.99 1246
StdDev  0.32 0.30 033 111 140 320 337 275 250 200 421 1.35 0.51
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
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2004 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)

State TOTAL |  ACes ACer PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (sFib) | (Microns) | vMA
Dodge Co.  Average  5.71 5.14 545 480 7.91 2200 36.64 4555 5500 71.45 33.43 795 1565
StdDev  0.05 0.09 010 049 054 141 143 151 322 137 176 0.39 0.22
Count 11 11 11 11 11 11 11 11 11 11 11 11 11
Dodge Co.  Average  5.90 5.33 566 517 843 2529 4271 51.71 5929 7129 36.83 750  15.80
StdDev  0.12 0.13 014 035 079 170 095 138 206 170 145 0.39 0.52
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
Filmore Co.  Average  5.83 5.20 552 348 525 17.75 34.00 44.00 51.00 6325 27.62 9.74  15.90
StdDev  0.15 0.23 025 026 050 050 141 200 200 189  0.51 0.48 0.47
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
Goodhue Co.  Average  5.26 4.67 493 452 615 1092 1923 30.85 4654 67.92 24.59 985  14.67
StdDev  0.09 0.12 013 063 099 144 224 258 315 366 243 1.01 0.44
Count 13 13 13 13 13 13 13 13 13 13 13 13 13
Goodhue Co.  Average  5.53 4.93 522 449 6.63 1363 2411 3642 5226 7211 27.07 947  15.21
StdDev  0.19 0.29 031 076 107 116 170 261 275 298 251 1.11 0.69
Count 19 19 19 19 19 19 19 19 19 19 19 19 19
Goodhue Co.  Average  5.52 4.68 495 401 633 1456 2911 4167 53.11 67.00 27.46 879  14.37
StdDev  0.32 0.26 029 025 050 073 117 100 127 150 0.6 0.61 0.37
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
Houston Co.  Average  5.85 4.85 515 291 529 18.86 31.14 3571 4464 6893 2587 979  14.93
StdDev  0.11 0.18 019 051 099 175 257 287 305 327 238 1.17 0.42
Count 14 14 14 14 14 14 14 14 14 14 14 14 14
Houston Co.  Average  5.52 4.54 480 328 589 17.74 2811 3163 39.05 57.68 2529 937  13.44
StdDev  0.28 0.22 025 063 105 256 262 281 308 309 275 1.23 0.47
Count 19 19 19 19 19 19 19 19 19 19 19 19 19
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2004 ASPHALT FILM THICKNESS STUDY
Mn/DOT Test Data

(Based on Production Data)

State TOTAL | ACe ACar PERCENTAGE PASSING SIEVE SA AFT
Project AC | ByMix) | ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SFib) | (Microns) | vmA
WinonaCo.  Average  5.53 4.47 473 377 6.00 1267 31.00 4233 49.67 63.00 26.40 873  13.53
StdDev  0.06 0.12 012 006 000 058 265 379 321 100 108 0.30 0.72
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
Winona Co.  Average  6.00 4.98 530 452 720 12.00 3500 49.60 54.80 65.80 29.53 8.76  15.44
StdDev  0.25 0.28 031 078 110 100 224 321 476 421 236 0.56 0.83
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
0804-73  Average  5.87 5.03 534 539 857 18.00 3500 4429 50.00 56.14 32.73 796 1457
StdDev  0.36 0.23 026 064 098 058 191 221 327 402 226 0.27 0.45
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
0804-73  Average  5.75 5.22 554  6.15 917 1950 3583 47.50 54.67 6150 35.42 763 1555
StdDev  0.24 0.22 025 048 098 138 214 243 234 547  2.31 0.45 0.53
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
0804-73  Average  6.00 5.23 557 540 867 17.67 33.00 42.67 48.00 5500 32.19 843  14.30
StdDev  0.26 0.15 018 075 058 058 1.00 058 1.00 1.00 150 0.23 0.66
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
0804-73  Average  5.88 5.26 558  6.02 878 1844 3411 4578 5322 6233 34.25 795  14.70
StdDev  0.19 0.15 017 029 044 073 169 109 156 200 1.10 0.40 0.47
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
3280-107 Average  5.43 4.97 525 482 6.83 1150 17.50 23.33 30.50 4850 23.76 1077  14.88
StdDev  0.20 0.16 018 023 041 055 055 052 122 164 080 0.52 0.55
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
460429  Average  6.25 5.35 571 520 800 17.00 3250 44.00 52.00 6150 31.60 8.80  16.10
StdDev  0.21 0.21 024 028 000 141 071 141 141 212 076 0.58 0.28
Count 2 2 2 2 2 2 2 2 2 2 2 2 2

D-45




2004 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)

State TOTAL | ACun ACar PERCENTAGE PASSING SIEVE SA AFT
Project AC | ByMix) | ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SFib) | (Microns) | vmA
Winona Co.  Average  5.89 4.61 490 337 500 1129 3043 4143 4914 63.00 24.58 9.74  14.07
StdDev  0.23 0.23 025 066 100 076 190 264 227 238 165 0.61 0.60
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
Winona Co.  Average  5.85 5.11 543 393 591 10.18 3427 47.64 53.09 6455 26.91 987  15.36
StdDev  0.09 0.18 019 055 083 098 174 254 284 250 199 0.77 0.56
Count 11 11 11 11 11 11 11 11 11 11 11 11 11
0804-73  Average  5.88 5.00 531 434 7.33 1667 3522 4522 51.67 58.67 30.14 8.61 14.97
StdDev  0.15 0.22 024 063 071 112 254 273 312 361 221 0.50 0.47
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
0804-73  Average  5.66 5.15 546  6.02 940 19.00 36.10 4820 5590 64.40 35.41 7.51 15.43
StdDev  0.22 0.18 020 023 052 094 208 239 251 255 143 0.24 0.49
Count 10 10 10 10 10 10 10 10 10 10 10 10 10
0804-73  Average  6.27 4.93 526 443 7.7 1550 32.00 42.00 48.00 54.33 28.89 8.94 1453
StdDev  0.10 0.22 023 098 117 105 179 210 237 266 276 0.91 0.45
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
0804-73  Average  5.60 5.16 547  6.03 9.00 1820 3475 46.75 5455 64.45 34.58 7.71 14.81
StdDev  0.18 0.17 019 045 065 101 137 171 199 263 154 0.38 0.41
Count 20 20 20 20 20 20 20 20 20 20 20 20 20
3280-107 Average  5.29 4.94 522 484 6580 1120 17.50 23.10 30.60 49.40 23.69 10.74  14.87
StdDev  0.26 0.19 021 030 042 042 053 057 052 117 082 0.73 0.49
Count 10 10 10 10 10 10 10 10 10 10 10 10 10
460429  Average  5.71 5.17 548 582 867 17.89 3456 47.11 5533 6533 34.01 785 1553
StdDev  0.20 0.14 016 037 071 105 142 136 132 173  1.41 0.26 0.36
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
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2004 ASPHALT FILM THICKNESS STUDY

Mn/DOT Test Data

(Based on Production Data)

State TOTAL | ACa ACet PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (sFib) | (Microns) | vMA
5202-44 Average  6.23 5.63 6.00 643 975 1950 3525 4650 5550 66.50 36.19 8.08  15.98
StdDev  0.15 0.05 006 021 050 058 050 058 058 058 0.70 0.18 0.40
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
5202-44 Average  5.66 5.08 538 595 014 1879 3457 46.14 5457 6436 34.64 758  15.09
StdDev  0.16 0.14 015 033 053 097 145 166 191 213 143 0.26 0.34
Count 14 14 14 14 14 14 14 14 14 14 14 14 14
5212-24 Average  5.93 4.85 516 565 875 21.00 3525 49.00 6275 7425 35.44 712 1558
StdDev  0.19 0.25 028 051 096 141 222 258 310 359 249 0.80 0.68
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
5212-24 Average  5.57 4.70 498 525 917 1933 30.00 41.33 5533 66.83 32.76 740  14.25
StdDev  0.27 0.28 0.31 023 075 103 126 175 175 293  1.44 0.40 0.38
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
5380-88 Average  5.54 5.04 534 533 10.00 2500 36.86 4586 5571 6457 36.37 717 1543
StdDev  0.18 0.19 0.21 038 0.82 238 261 324 325 391 252 0.37 0.57
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
830124 Average  6.10 5.30 564 566 840 17.80 33.00 4440 5240 6220 32.95 8.35  15.60
StdDev  0.20 0.17 020 015 055 084 122 207 241 295 107 0.38 0.63
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
830428 Average  6.16 5.58 594  6.63 988 1913 34.00 4613 5450 64.50 36.18 8.01 15.61
StdDev  0.26 0.18 0.21 045 064 064 120 155 1.85 245  1.41 0.49 0.45
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
8304-28 Average  5.83 5.22 554 588 900 18.33 34.67 46.33 54.83 6533 34.37 786 1540
StdDev  0.33 0.31 034 054 089 121 207 280 337 403 234 0.35 0.68
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
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2004 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)

State TOTAL | ACe ACa PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SFib) | (Microns) | vmA
5202-44 Average  5.88 5.50 584 620 950 18.67 34.33 4667 5533 66.00 35.29 8.07  15.83
StdDev  0.18 0.11 013 018 055 052 052 082 103 089 063 0.22 0.38
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
5202-44 Average  5.50 5.08 537 589 006 18.06 3425 4625 54.66 64.88 34.26 766  15.29
StdDev  0.14 0.14 015 049 072 122 168 187 213 212 193 0.44 0.39
Count 32 32 32 32 32 32 32 32 32 32 32 32 32
5212-24 Average  5.79 4.80 510 589 056 2144 3456 47.22 59.78 70.67 36.01 6.91 15.12
StdDev  0.20 0.21 023 031 053 124 265 399 524 557 193 0.45 0.87
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
5212-24 Average  5.19 4.45 470 556 10.50 2047 3147 42.60 5563 66.40 34.71 6.61 14.33
StdDev  0.15 0.19 020 045 094 117 163 213 280 295 1.88 0.43 0.52
Count 30 30 30 30 30 30 30 30 30 30 30 30 30
5380-88 Average  5.66 5.09 540  6.07 11.00 2429 36.14 4450 5514 63.71 37.70 703  15.36
StdDev  0.14 0.13 015 045 171 279 318 298 311 336  3.29 0.67 0.57
Count 14 14 14 14 14 14 14 14 14 14 14 14 14
830124 Average  5.60 5.03 533 569 881 17.69 3375 4625 5475 64.94 33.62 773 1540
StdDev  0.19 0.19 021 026 040 095 169 195 229 214 128 0.30 0.43
Count 16 16 16 16 16 16 16 16 16 16 16 16 16
830428 Average  5.93 5.53 587 628 0967 1833 33.67 46.00 54.58 64.67 35.21 813  15.67
StdDev  0.21 0.22 025 034 049 078 144 165 193 192  1.21 0.46 0.48
Count 12 12 12 12 12 12 12 12 12 12 12 12 12
830428 Average  5.69 5.15 546 555 854 1754 33.85 46.15 5454 64.85 33.18 8.02 1545
StdDev  0.35 0.26 030 054 078 105 141 223 260 291 190 0.46 0.72
Count 13 13 13 13 13 13 13 13 13 13 13 13 13
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2004 ASPHALT FILM THICKNESS STUDY
Mn/DOT Test Data

(Based on Production Data)

State TOTAL |  ACes ACe PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SFib) | (Microns) | vmA
3408-14  Average  6.10 5.21 555 572 950 2027 3450 48.05 62.09 73.82 3557 762 1511
StdDev  0.25 0.22 025 034 134 180 197 242 264 272 211 0.41 0.46
Count 22 22 22 22 22 22 22 22 22 22 22 22 22
3408-14  Average  6.21 5.31 566 564 982 2194 3641 4971 61.82 7329 36.51 757  14.84
StdDev  0.31 0.19 021 040 095 171 200 231 251 247 206 0.48 0.39
Count 17 17 17 17 17 17 A7 17 T AT 17 17 17
3408-14  Average  6.18 5.25 560 505 888 2050 3625 49.25 61.38 73.13 34.49 7.91 16.09
Std Dev  0.21 0.21 023 031 083 141 158 149 169 173  1.35 0.39 0.65
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
3408-14  Average  5.91 5.18 550 539 975 2021 3471 4833 62.08 73.63 3522 763  15.54
StdDev  0.22 0.22 024 051 142 184 194 212 238 246 218 0.45 0.62
Count 24 24 24 24 24 24 24 24 24 24 24 24 24
3408-14  Average  5.91 5.16 549 539 929 2029 3500 47.93 6021 7179 34.85 770 1451
StdDev  0.24 0.26 029 048 114 267 299 332 360 333 289 0.48 0.81
Count 14 14 14 14 14 14 14 14 14 14 14 14 14
3708-13  Average  5.91 4.84 514  6.45 863 1563 2875 42,63 5625 70.63 33.28 754 1548
StdDev  0.23 0.25 028 047 052 052 089 141 205 130 1.12 0.55 0.67
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
5107-12  Average  5.91 4.97 528 521 7.00 1257 27.00 4057 5457 70.00 28.92 8.91 15.10
Std Dev  0.27 0.24 026 054 058 079 129 140 190 191 153 0.45 0.65
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
26-621-07 Average  6.00 4.60 490 555 800 16.00 2950 4450 64.00 77.00 32.27 737 1335
StdDev  0.42 0.57 062 021 000 141 354 495 141 000  1.60 0.58 1.34
Count 2 2 2 2 2 2 2 2 2 2 2 2 2
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2004 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)

State TOTAL |  ACer ACe PERCENTAGE PASSING SIEVE SA AFT
Project AC | ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SFib) | (Microns) | vmA
3408-14  Average  5.92 5.18 550 522 847 1843 33.30 47.27 60.60 72.53 33.28 8.07  15.04
StdDev  0.18 0.20 022 036 057 104 162 195 228 265  1.51 0.44 0.36
Count 30 30 30 30 3 30 30 30 30 30 30 30 30
3408-14  Average  6.22 5.32 567 500 850 19.38 3491 4885 60.65 72.26 33.59 825  14.89
StdDev  0.26 0.27 030 052 093 199 243 255 263 259 232 0.56 0.47
Count 34 34 34 34 34 34 34 34 34 34 34 34 34
3408-14  Average  6.19 5.29 564 458 800 1850 3520 4850 60.50 71.90 32.34 8.51 15.91
StdDev  0.22 0.23 026 032 067 178 249 321 378 373 187 0.44 0.59
Count 10 10 10 10 10 10 10 10 10 10 10 10 10
3408-14  Average  5.91 5.21 554 489 823 18.69 34.10 4821 61.18 7254 32.89 823  15.47
StdDev  0.28 0.30 033 055 093 204 243 286 343 350 250 0.63 0.74
Count 39 39 39 39 39 39 39 39 39 39 39 39 39
3408-14  Average  5.87 5.11 543 500 830 1848 34.15 47.85 5952 7122 32.94 8.05  14.50
StdDev  0.21 0.25 028 044 087 212 267 274 274 279 214 0.54 0.59
Count 27 27 27 271 27 271 21 21 21 27 27 27 27
3708-13  Average  5.97 5.02 533 581 7.58 14.68 2863 4242 57.37 7163 31.38 8.31 15.47
StdDev  0.10 0.17 018 044 084 111 130 180 161 227 158 0.64 0.59
Count 19 19 19 19 19 19 19 19 19 19 19 19 19
5107-12  Average  5.65 4.88 517 465 592 1231 2515 40.00 54.62 69.77 26.98 935  14.90
StdDev  0.15 0.16 018 044 049 103 146 168 156 1.96  1.40 0.57 0.45
Count 13 13 13 13 13 13 13 13 13 13 13 13 13
26-621-07 Average  6.20 5.20 554 530 7.43 1414 2857 4543 5914 73.14 30.64 8.84  14.69
StdDev  0.12 0.22 024 047 079 090 127 079 107 107 165 0.74 0.53
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
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2004 ASPHALT FILM THICKNESS STUDY
Mn/DOT Test Data

(Based on Production Data)

State TOTAL |  ACes ACe PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SFib) | (Microns) | vmA
26-621-07 Average  7.00 5.67 6.09 473 7.00 1533 2967 47.33 63.33 76.67 30.38 977  15.07
StdDev  0.26 0.23 026 051 100 058 058 1.15 153 208 1.42 0.39 1.31
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
37-600-02 Average  6.05 5.15 548 620 950 14.00 27.50 4350 5550 68.50 32.74 8.16  13.90
StdDev  0.21 0.07 006 042 071 000 212 354 354 354 054 0.23 0.71
Count 2 2 2 2 2 2 2 2 2 2 2 2 2
37-600-02 Average  6.15 5.00 533  6.00 900 1450 2850 4350 5550 70.00 32.44 8.00  13.55
StdDev  0.07 0.00 000 014 000 071 071 071 212 141 025 0.07 0.35
Count 2 2 2 2 2 2 2 2 2 2 2 2 2
37-612-13  Average  6.23 4.88 520 560 925 1825 30.00 40.25 53.25 69.00 34.18 743 1353
StdDev  0.10 0.10 010 037 050 150 183 126 126 163  1.71 0.49 0.22
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
37-612-13 Average  6.54 4.74 507 520 860 2040 33.80 44.80 5820 7440 3551 6.97  13.54
StdDev  0.13 0.18 020 032 055 134 084 110 130 1.14 153 0.55 0.42
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
42-606-09 Average  6.19 5.16 550 648 867 13.83 2800 44.92 5892 71.33 33.01 8.15  15.86
StdDev  0.22 0.12 013 078 089 111 252 239 223 172 240 0.59 0.66
Count 12 12 12 12 12 12 12 12 12 12 12 12 12
42-613-23 Average  5.95 5.00 532 670 917 1467 2800 4417 59.83 7317 33.93 764 1525
StdDev  0.25 0.18 020 051 075 082 167 306 194 133 1.22 0.34 0.88
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
51-603-15 Average  6.08 4.88 519 500 7.18 13.39 20.86 32.82 54.46 7343 27.52 923  14.29
StdDev  0.17 0.16 018 038 077 175 219 237 333 337 203 0.63 0.67
Count 28 28 28 28 28 28 28 28 28 28 28 28 28
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2004 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)

State TOTAL |  ACer ACe PERCENTAGE PASSING SIEVE SA AFT
Project AC | ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SFib) | (Microns) | vmA
26-621-07 Average  6.86 5.68 610 456 6.60 13.60 29.00 48.60 63.80 7640 29.36 10.18  16.02
StdDev  0.17 0.28 031 092 152 152 173 305 192 230 3.17 0.94 0.51
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
37-600-02 Average  5.98 5.08 540 648 800 13.00 27.20 4360 5580 67.80 31.95 824  14.62
StdDev  0.13 0.16 018 0.8 071 071 205 251 327 377 093 0.32 0.60
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
37-600-02 Average  6.10 4.85 517  7.03 825 1375 2850 4425 5675 71.25 33.54 750 1450
StdDev  0.14 0.10 011 036 050 050 058 096 096 050 1.08 0.27 0.28
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
37-612-13  Average  6.18 4.85 517 575 7.87 1533 2840 3840 51.67 67.47 32.18 785  14.05
StdDev  0.20 0.27 029 061 083 118 130 1.80 244 290 2.08 0.64 0.36
Count 15 15 15 15 15 15 15 15 15 15 15 15 15
37-612-13 Average  6.49 4.75 508 526 747 1753 3240 4260 5540 7073 33.38 742 1411
StdDev  0.11 0.16 017 055 064 119 1.80 206 244 289 159 0.34 0.37
Count 15 15 15 15 15 15 15 15 15 15 15 15 15
42-606-09 Average  6.12 5.18 552 558 7.41 13.09 27.14 4550 59.14 7091 30.53 8.82 1555
StdDev  0.18 0.15 017 052 067 087 232 243 227 239 165 0.56 0.80
Count 22 22 22 2 22 22 22 22 22 22 22 22 22
42-613-23 Average  6.09 5.11 544 601 810 13.90 2580 4310 5860 7140 31.48 8.42  14.84
StdDev  0.23 0.19 022 025 032 057 181 300 288 250 052 0.33 0.88
Count 10 10 10 10 10 10 10 10 10 10 10 10 10
51-603-15 Average  5.99 4.99 531 440 641 1248 1995 3224 5332 71.36 2557 10.16  14.37
StdDev  0.12 0.13 014 040 068 150 193 237 288 328 188 0.72 0.43
Count 66 66 66 66 66 66 66 66 66 66 66 66 66

D-52




2004 ASPHALT FILM THICKNESS STUDY
Mn/DOT Test Data

(Based on Production Data)

State TOTAL |  ACes ACe PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SFib) | (Microns) | vmA
65-608-11 Average  5.67 4.77 505  6.00 933 18.00 31.33 4367 56.00 67.67 34.07 723 1350
StdDev  0.12 0.06 006 020 058 1.00 153 208 265 289 148 0.30 0.26
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
76-617-08 Average  6.29 5.20 555 558 7.38 1325 29.63 44.38 57.63 7213 30.77 879  14.88
StdDev  0.24 0.19 021 021 052 071 119 177 226 280  1.09 0.29 0.37
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
76-617-08 Average  6.63 5.50 589 3.88 525 1050 2625 42.00 55.00 68.00 25.10 1143  16.20
StdDev  0.15 0.18 020 033 050 058 096 216 356 548  0.82 0.35 0.59
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
Comi#2  Average  5.40 5.01 530 400 6.13 11.00 19.75 2950 4150 56.75 23.30 11.16  15.63
StdDev  0.35 0.34 038 056 083 131 328 499 484 349  2.60 1.02 1.03
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
Comi#2  Average  5.50 4.63 490 500 7.57 1271 20.86 30.00 42.14 5543 26.47 9.03  14.41
Std Dev  0.22 0.28 030 067 079 049 273 396 460 519  1.60 0.63 0.84
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
Comi#2  Average  5.34 4.69 495 490 7.86 1329 2129 3214 47.14 6443 27.27 8.86  14.61
StdDev  0.33 0.32 035 034 069 049 287 318 422 424 123 0.79 1.11
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
Comi#2  Average  5.93 5.19 552 506 7.13 13.00 26.63 39.00 49.50 59.38 28.29 950  14.60
Std Dev  0.32 0.33 037 027 064 076 239 351 466 542 1.29 0.52 0.91
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
Comi#2  Average  5.30 4.65 491 480 800 14.00 2750 3950 51.00 63.00 28.99 824  14.60
StdDev  0.57 0.49 055 000 000 141 495 636 566 283  1.91 0.38 0.42
Count 2 2 2 2 2 2 2 2 2 2 2 2 2
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2004 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)

State TOTAL |  ACer ACe PERCENTAGE PASSING SIEVE SA AFT
Project AC | ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SFib) | (Microns) | vmA
65-608-11 Average  5.63 4.56 483 633 867 1656 30.78 43.44 5578 67.44 33.66 700  14.34
StdDev  0.07 0.12 013 059 071 073 120 113 120 181 1.77 0.42 0.38
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
76-617-08 Average  6.21 5.26 561 493 613 1052 2813 4335 57.57 72.35 27.88 9.82  14.92
StdDev  0.06 0.08 009 034 046 090 194 190 144 187 125 0.50 0.31
Count 23 23 23 23 23 23 23 23 23 23 23 23 23
76-617-08 Average  6.23 5.55 592 453 525 875 2800 4238 56.25 69.63 2597 1111 15.89
StdDev  0.05 0.15 016 025 046 089 283 185 276 338 1.03 0.45 0.43
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
Comi#2  Average  5.46 5.15 544 370 6.00 1045 19.09 2855 41.00 5591 22.37 11.89 1542
StdDev  0.29 0.25 028 033 045 121 239 3.08 407 386 1.49 0.89 0.89
Count 11 11 11 11 11 11 11 11 11 11 11 11 11
Comi#2  Average  5.52 4.76 503 413 656 11.56 20.33 30.11 42.56 54.22 24.06 1023  14.08
StdDev  0.24 0.32 035 059 088 088 278 451 541 563 1.95 0.77 0.65
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
Comi#2  Average  5.30 4.63 488 444 713 1188 1925 2975 4356 6050 24.98 955  14.28
StdDev  0.20 0.29 032 047 072 136 272 286 416 540  1.80 0.56 0.89
Count 16 16 16 16 16 16 16 16 16 16 16 16 16
comi#2  Average  5.88 5.21 554 455 6.38 1213 2588 38.75 49.13 59.00 26.61 1015 14.60
StdDev  0.26 0.32 035 036 052 083 217 365 439 496 1.65 0.54 1.09
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
Comi#2  Average  5.73 5.00 530 436 7.00 13.71 28.14 4100 53.00 66.00 27.95 925  14.99
StdDev  0.23 0.31 034 022 058 076 212 258 265 265  1.31 0.51 0.75
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
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2004 ASPHALT FILM THICKNESS STUDY
Mn/DOT Test Data

(Based on Production Data)

State TOTAL | ACe ACe PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (sFib) | (Microns) | vma
Com'#2 Average  5.40 4.60 486 540 9.00 14.00 23.00 33.00 46.00 58.00 29.10 8.14  13.70
StdDev  0.00 0.00 000 000 000 000 000 000 000 000 000 0.00 0.00
Count 1 1 1 1 1 1 1 1 1 1 1 1 1
Com'l#2 Average  5.68 4.72 500 468 7.40 14.00 28.80 4160 53.00 6500 28.91 846  15.36
StdDev  0.22 0.23 025 080 114 100 192 378 485 480 166 0.72 1.19
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
Com'#2 Average 5.74 4.83 512 436 6.38 1313 2850 4125 5263 64.00 27.42 913  14.93
StdDev  0.31 0.18 020 040 074 099 273 358 385 444 182 0.78 1.07
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
Com'#3 Average  5.58 5.05 535 513 7.33 13.83 28.67 4233 53.33 63.67 29.57 882 1520
StdDev  0.12 0.10 012 043 052 075 103 137 137 175 134 0.46 0.35
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
Com'#3 Average  5.22 4.72 498 484 760 1400 2380 33.60 46.40 6460 27.67 876  15.02
StdDev  0.18 0.35 038 013 055 071 409 527 483 195 110 0.39 0.33
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
Com'#3 Average  5.52 4.68 495 456 7.00 1420 2860 4040 51.00 65.60 28.34 854 1542
StdDev  0.31 0.36 039 060 071 084 207 261 346 365 126 0.90 0.50
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
Com'#3 Average  5.50 4.73 501 497 7.33 14.33 2833 39.00 49.67 62.33 28.97 843 1507
StdDev  0.10 0.12 012 040 058 058 153 200 351 404 164 0.40 0.87
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
Com'#4 Average  5.20 4.53 478 483 867 1567 27.00 37.33 49.00 62.33 29.61 787 1347
StdDev  0.26 0.21 023 040 058 115 265 321 346 416  1.99 0.25 0.57
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
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2004 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)

State TOTAL | ACe ACer PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #a | (sFib) | (Microns) | vMA
Com'#2 Average  5.65 4.80 509 520 800 14.00 2450 37.00 49.00 62.00 28.91 857  13.30
StdDev  0.07 0.00 000 014 000 000 071 141 000 141  0.41 0.13 0.71
Count 2 2 2 2 2 2 2 2 2 2 2 2 2
Com'#2 Average  5.55 4.72 500 418 6.71 1321 2843 4221 5407 67.07 27.54 8.80  14.76
StdDev  0.24 0.19 021 065 091 105 122 189 246 262 191 0.90 0.66
Count 14 14 14 14 14 14 14 14 14 14 14 14 14
Com'#2 Average  5.50 4.76 504 411 6.05 1271 2857 4176 5257 63.33 26.74 926  14.33
StdDev  0.34 0.24 027 062 112 131 268 378 385 389 239 1.03 0.64
Count 21 21 21 21 21 21 21 21 21 21 21 21 21
Com'#3 Average  5.83 5.21 553 469 650 13.00 27.88 4263 53.75 63.38 28.03 964 1556
StdDev  0.18 0.16 017 053 053 076 155 151 249 288  1.68 0.50 0.37
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
Com'#3 Average  5.32 4.92 520 434 7.00 1440 23.80 3440 46.00 64.00 26.67 950  14.80
StdDev  0.16 0.23 024 027 000 321 356 451 339 122  1.41 0.48 0.36
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
Com'#3 Average  5.58 4.82 510  3.97 6.00 13.17 2750 39.83 51.83 64.17 26.29 945 1522
StdDev  0.15 0.26 028 021 000 075 164 194 306 306 072 0.41 0.50
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
Com'#3 Average  5.35 4.66 492 404 6.08 13.00 2667 3850 49.08 6175 26.03 923  14.16
StdDev  0.27 0.27 030 043 067 104 206 3.09 406 427  1.96 0.45 0.52
Count 12 12 12 12 12 12 12 12 12 12 12 12 12
Com'|#4 Average  5.11 4.61 486 325 6.00 1238 23.88 3475 4625 5925 23.67 1005  13.80
StdDev  0.11 0.25 027 043 076 130 173 271 396 6.16 215 0.72 0.29
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
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2004 ASPHALT FILM THICKNESS STUDY
Mn/DOT Test Data

(Based on Production Data)

State TOTAL | ACe ACe PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (sFib) | (Microns) | vma
Com'|#4 Average 5.74 5.02 533 538 800 16.40 3220 43.60 54.00 6580 31.80 817  14.64
StdDev  0.15 0.13 014 046 071 089 045 055 100 1.10 145 0.34 0.40
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
Com'|#4 Average  5.30 4.57 482 393 6.33 11.33 20.33 30.00 42.33 56.00 23.55 9.99 1453
StdDev  0.20 0.25 028 042 058 058 231 265 252 200 183 0.44 0.60
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
Com'|#4 Average  5.51 4.76 504  4.83 800 1610 3040 4120 5210 66.60 30.33 8.09  15.25
StdDev  0.32 0.24 027 023 047 057 135 169 218 263  1.06 0.37 0.45
Count 10 10 10 10 10 10 10 10 10 10 10 10 10
Com'|#4 Average  5.39 4.75 502 405 654 1208 2154 3154 4446 5446 24.43 10.02  14.19
StdDev  0.25 0.26 028 028 052 076 097 097 127 250 1.1 0.72 0.39
Count 13 13 13 13 13 13 13 13 13 13 13 13 13
Com'#4 Average 5.15 4.63 488 464 7.70 1360 2240 3225 4625 63.85 26.96 8.83  14.98
StdDev  0.15 0.20 022 022 047 060 147 194 202 232 107 0.41 0.47
Count 20 20 20 20 20 20 20 20 20 20 20 20 20
Com'I|#4 Average  5.10 4.44 468 458 7.71 1357 2200 3150 46.00 6450 26.76 854 1478
StdDev  0.22 0.20 022 025 047 065 130 165 257 311 110 0.60 0.57
Count 14 14 14 14 14 14 14 14 14 14 14 14 14
Com'#5 Average  5.35 4.47 472 411 660 1260 2273 3313 4640 5940 25.20 913 1473
StdDev  0.28 0.27 030 019 051 051 103 173 275 320 1.00 0.68 0.53
Count 15 15 15 15 15 15 15 15 15 15 15 15 15
Com'#5 Average  5.40 4.60 486 496 7.90 1520 2650 36.40 4810 62.60 29.03 815  14.01
StdDev  0.33 0.37 040 030 057 079 172 267 345 430 150 0.44 0.53
Count 10 10 10 10 10 10 10 10 10 10 10 10 10
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2004 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
Based on Production Data)

State TOTAL ACcs ACqx PERCENTAGE PASSING SIEVE SA AFT
Project AC (By Mix) | (By Agg) | #200 ‘ #100 ‘ #50 | #30 #16 #8 ‘ #4 (SF/Lb) | (Microns) | VMA
Com'l#4  Average 5.49 4.91 5.20 425 6.65 1494 3059 43.00 5347 6535 28.44 8.91 14.26
Std Dev 0.21 0.25 0.27 033 049 075 118 154 187 2.06 1.13 0.52 0.47
Count 17 17 17 17 17 17 17 17 17 17 17 17 17
Com'l#4  Average 5.20 4.62 4.87 3.65 5667 11.00 20.67 30.67 43.67 5783 22.79 10.43 14.40
Std Dev 0.15 0.22 0.24 035 052 089 163 266 294 286 1.58 0.46 0.37
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
Com'l#4  Average 5.43 4.83 5.11 406 6.75 1491 29.28 40.84 52.00 6594 27.78 8.97 14.82
Std Dev 0.23 0.24 0.26 037 067 096 169 229 279 275 1.59 0.57 0.48
Count 32 32 32 32 32 32 32 32 32 32 32 32 32
Com'l#4  Average 5.08 4.77 5.03 3.38 547 10.76 20.24 30.65 43.29 5282 22.00 11.15 14.06
Std Dev 0.26 0.23 0.25 028 051 066 103 146 183 253 1.1 0.63 0.45
Count 17 17 17 17 17 17 17 17 17 17 17 17 17
Com'l#4  Average 5.26 4.80 5.06 407 6.96 1281 21.67 32.07 46.37 63.74 25.26 9.78 15.13
Std Dev 0.19 0.22 0.24 029 052 074 139 196 236 286 1.26 0.52 0.49
Count 27 27 27 27 27 27 27 27 27 27 27 27 27
Com'l#4  Average 5.20 4.63 4.89 419 7.00 1274 2130 31.56 4585 64.07 25.35 9.45 14.78
Std Dev 0.19 0.21 0.23 071 092 110 149 201 289 34 2.44 0.76 0.44
Count 27 27 27 27 27 27 27 27 27 27 27 27 27
Com'#5 Average 5.20 4.55 4.80 3.59 6.00 11.85 2215 33.33 47.19 59.04 23.74 9.86 14.36
Std Dev 0.27 0.23 0.25 028 078 08 132 225 3.00 3.67 1.43 0.64 0.57
Count 27 27 27 27 27 27 27 27 27 27 27 27 27
Com'#5 Average 5.60 4.82 5.11 3.80 6.15 1315 2415 33.77 4523 57.62 24.76 10.10 14.13
Std Dev 0.20 0.30 0.33 049 099 146 199 271 3.63 3.66 2.35 0.78 0.52
Count 13 13 13 13 13 13 13 13 13 13 13 13 13
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2004 ASPHALT FILM THICKNESS STUDY

Mn/DOT Test Data

(Based on Production Data)

State TOTAL | ACes ACer PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (sFib) | (Microns) | vmA
Com'l#5 Average  5.60 4.68 496 467 7.83 14.33 2417 3350 4583 64.67 27.66 873 1517
StdDev  0.38 0.34 038 026 041 103 183 251 325 463 099 0.50 0.41
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
Coml#5 Average  5.07 4.37 460 460 7.85 14.05 2320 33.10 47.35 64.95 27.37 820  14.68
StdDev  0.20 0.22 024 031 049 076 124 192 283 390 1.28 0.40 0.65
Count 20 20 20 20 20 20 20 20 20 20 20 20 20
Com'l#5 Average  5.83 4.84 514 496 814 1543 2643 37.43 5143 64.86 29.49 849  14.90
StdDev  0.30 0.26 029 019 038 053 053 140 310 3.80 0.76 0.42 0.73
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
Coml#5 Average  5.80 4.77 506 450 7.1 12,67 2167 3200 46.00 5811 2586 953 1572
StdDev  0.19 0.27 029 027 033 071 100 194 292 348  1.01 0.54 0.59
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
Com'l#5 Average  5.77 4.77 506 496 857 1529 24.86 3543 49.00 67.86 29.29 843  15.33
StdDev  0.37 0.24 027 043 079 095 248 162 245 449 152 0.39 1.01
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
Coml#5 Average  5.13 4.37 460 570 10.33 18.67 28.33 38.00 51.33 67.33 33.33 6.74  14.13
StdDev  0.15 0.06 007 036 058 115 153 173 252 306 1.73 0.29 0.50
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
Coml#5 Average  5.55 4.95 524 470 800 1850 3250 43.50 55.00 71.00 31.52 810  15.35
StdDev  0.21 0.21 024 000 000 071 071 212 283 424 068 0.19 0.78
Count 2 2 2 2 2 2 2 2 2 2 2 2 2
Com'l#5 Average  5.40 4.73 500 467 7.33 17.00 33.33 4567 57.00 69.67 30.96 788  14.63
StdDev  0.20 0.25 028 012 058 100 058 058 1.00 208  0.50 0.57 0.40
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
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2004 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)

State TOTAL | ACe ACer PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #a | (sFib) | (Microns) | vMA
Com'#5 Average  5.92 5.05 537 368 650 13.00 22.83 3200 4500 63.00 24.51 1067  15.03
StdDev  0.38 0.36 040 027 055 089 160 219 316 482  1.18 0.71 0.58
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
Com'#5 Average  5.12 4.45 469 387 6.74 12.87 21.84 32.00 46.68 63.10 24.85 9.21 14.17
StdDev  0.24 0.21 023 027 051 067 097 146 244 351  1.09 0.54 0.45
Count 31 31 31 31 31 31 31 31 31 31 31 31 31
Com'#5 Average  5.55 4.85 514 393 6.80 13.80 2450 3560 49.30 62.10 26.00 963  14.28
StdDev  0.23 0.21 023 030 042 079 108 158 271 341 117 0.39 0.43
Count 10 10 10 10 10 10 10 10 10 10 10 10 10
Com'l#5 Average  5.82 4.93 523  3.84 614 1157 2064 3136 4500 55.14 23.61 10.82  15.07
StdDev  0.34 0.26 029 036 053 065 139 206 335 330 143 0.60 0.50
Count 14 14 14 14 14 14 14 14 14 14 14 14 14
Com'#5 Average  5.69 4.97 527 369 6.60 1310 2290 32.90 4570 62.70 24.71 1040  15.13
StdDev  0.26 0.20 022 049 070 074 110 185 291 437  1.26 0.54 0.98
Count 10 10 10 10 10 10 10 10 10 10 10 10 10
Com'l#5 Average  5.40 4.66 493 456 840 17.60 27.60 38.20 52.80 68.00 30.01 8.00  14.38
StdDev  0.16 0.09 010 019 055 055 055 045 084 141 076 0.17 0.33
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
Com'#5 Average  6.00 5.32 566  3.72 6.80 16.40 30.00 4140 5320 68.80 27.97 986 1548
StdDev  0.10 0.08 009 019 045 089 071 089 179 164  0.88 0.17 0.28
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
Com'#5 Average  5.62 5.01 531 402 6.44 1533 3156 4456 5578 66.44 28.44 910  14.83
StdDev  0.23 0.19 021 019 053 087 133 133 148 174  0.71 0.44 0.29
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
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2004 ASPHALT FILM THICKNESS STUDY

Mn/DOT Test Data

(Based on Production Data)

State TOTAL |  ACer ACer PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (sFib) | (Microns) | vMA
Com'l#5 Average  5.55 4.75 503 447 723 1500 2969 4169 5223 6523 28.88 8.48 15.25
StdDev  0.36 0.33 037 025 044 100 144 197 249 192 1.15 0.50 0.58
Count 13 13 13 13 13 13 13 13 13 13 13 13 13
Comi#6 Average  5.25 4.67 493 504 836 1691 30.73 4145 5245 69.36 31.25 7.69 14.95
StdDev  0.29 0.21 023 040 067 083 110 1.86 234 277  1.30 0.36 0.44
Count 11 11 11 1 11 1 11 11 11 11 11 11 11
Com'i#6 Average  6.03 4.93 525 540 933 1833 33.00 4367 54.33 6833 33.39 7.66 15.20
StdDev  0.23 0.21 0.21 061 058 058 173 321 473 551 070 0.46 1.22
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
Comi#7 Average  6.07 517 550  4.80 8.33 16.67 30.33 42.00 53.00 70.33 30.81 8.71 15.50
StdDev  0.12 0.15 016 053 115 153 153 173 200 208 221 0.42 1.04
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
Com'l#7 Average  5.35 4.50 475 443 650 1200 21.75 3150 4450 5925 25.11 9.24 14.48
StdDev  0.17 0.14 016 030 058 115 096 173 238 206  1.51 0.54 0.19
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
Comi#7 Average  5.27 4.51 477 433 843 18.86 3157 4143 5057 6329 30.66 7.60 14.63
StdDev  0.20 0.24 025 018 053 248 223 230 223 275 156 0.76 0.76
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
Com'#7 Average  5.51 4.73 5.01 3.82 711 1711 3278 4400 53.56 63.33 29.03 8.41 14.26
StdDev  0.28 0.45 049 022 060 078 148 240 246 173 098 0.77 0.42
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
Coml#9 Average  5.00 4.40 463 377 6.00 1233 2200 32.00 4433 57.00 23.88 9.45 14.63
StdDev  0.10 0.10 0.11 0.06 000 1.15 1.00 200 252 400 078 0.24 0.32
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
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2004 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)

State TOTAL | ACe ACer PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #a | (sFib) | (Microns) | vMA
Com'#5 Average  5.49 4.89 517 367 6.03 1331 28.03 40.17 5056 63.06 25.90 9.74  15.11
StdDev  0.23 0.22 024 030 056 082 209 268 348 390  1.41 0.38 0.51
Count 36 36 36 3 36 36 36 36 36 36 36 36 36
Com'|#6 Average  5.46 4.90 519 433 737 1626 30.56 4248 53.85 7126 29.48 859  14.84
StdDev  0.20 0.17 018 049 079 113 169 221 280 301 183 0.49 0.57
Count 27 27 27 271 271 21 21 21 21 27 27 27 27
Com'|#6 Average  6.19 5.13 547 454 800 17.43 3243 4457 5571 70.00 31.03 859  15.16
StdDev  0.41 0.41 046 057 082 079 251 428 568 58  1.72 0.59 1.21
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
Com'|#7 Average  6.08 5.30 564 410 725 16.00 30.75 43.00 54.25 7175 29.06 947 1565
StdDev  0.21 0.14 015 050 096 1.15 126 1.83 222 206 169 0.38 0.62
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
Com'|#7 Average  5.35 4.58 484 347 508 1075 2075 3150 4542 6025 22.27 1060  15.13
StdDev  0.12 0.12 013 023 029 045 062 080 144 205 0.8 0.52 0.35
Count 12 12 12 12 12 12 12 12 12 12 12 12 12
Com'|#7 Average  5.35 4.73 499 364 7.00 1752 31.37 4093 4996 6222 28.18 8.68  14.29
StdDev  0.38 0.26 029 029 062 197 213 204 210 261 173 0.89 0.49
Count 27 27 27 21 271 21 21 21 21 27 27 27 27
Com'|#7 Average  5.61 4.91 520 335 629 16.00 3174 4371 5277 6203 27.23 9.31 14.31
StdDev  0.29 0.31 034 043 064 097 155 236 267 285 158 0.56 0.44
Count 31 31 31 31 31 31 31 31 31 31 31 31 31
Com'#9 Average  5.20 4.78 504 328 540 11.80 2240 33.00 46.00 60.00 22.84 1078  14.60
StdDev  0.31 0.33 036 051 055 084 134 187 292 374 160 0.81 0.43
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
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2004 ASPHALT FILM THICKNESS STUDY
Mn/DOT Test Data

(Based on Production Data)

State TOTAL | ACus ACaer PERCENTAGE PASSING SIEVE SA AFT
Project AC | ByMix) | By Agg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (sFib) | (Microns) | vma
Com'l#10 Average  5.70 4.85 514 420 650 1250 2350 35.00 49.00 59.00 25.60 980  14.95
StdDev  0.14 0.21 023 000 071 071 071 141 141 141 093 0.80 0.21
Count 2 2 2 2 2 2 2 2 2 2 2 2 2
Comi#11 Average  5.20 4.70 496 415 7.00 1250 2150 31.00 47.50 63.50 25.25 957  16.10
StdDev  0.14 0.14 016 021 000 071 071 000 212 071 035 0.44 0.71
Count 2 2 2 2 2 2 2 2 2 2 2 2 2
Com'l#11 Average  5.55 4.55 482 475 800 1400 2400 36.00 50.00 62.50 28.09 8.36  14.65
StdDev  0.21 0.07 009 021 000 000 141 283 424 636 106 0.17 1.06
Count 2 2 2 2 2 2 2 2 2 2 2 2 2
CSM#2  Average  5.34 4.61 487 576 900 17.11 3133 4500 5833 70.89 33.48 709  13.84
StdDev  0.32 0.33 036 037 071 127 240 296 260 257 169 0.35 0.42
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
CSM#2  Average  5.58 4.74 502 614 990 16.10 2520 3570 50.80 65.80 32.33 756 1447
StdDev  0.23 0.36 040 029 057 099 1.03 116 148 204 130 0.52 0.44
Count 10 10 10 10 10 10 10 10 10 10 10 10 10
CSM#2  Average  5.39 4.61 487 653 1050 17.58 29.73 41.92 56.46 7262 3524 6.76  14.32
StdDev  0.25 0.26 029 079 099 142 241 312 367 410 279 0.47 0.57
Count 26 26 26 26 26 26 26 26 26 26 26 26 26
CSM#2  Average  5.26 4.45 469 530 853 1393 21.73 30.60 44.40 6040 28.25 8.11 13.69
StdDev  0.19 0.16 017 032 052 080 1.62 267 379 434 141 0.47 0.56
Count 15 15 15 15 15 15 15 15 15 15 15 15 15
CSM#2  Average  5.29 4.58 483 542 875 1500 2438 3563 52.00 67.56 30.11 782  14.28
StdDev  0.32 0.28 031 028 058 052 102 175 2580 3583 1.09 0.55 0.82
Count 16 16 16 16 16 16 16 16 16 16 16 16 16
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2004 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)

State TOTAL | ACus ACer PERCENTAGE PASSING SIEVE SA AFT
Project AC | ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (sFib) | (Microns) | vMA
Com'#10 Average  5.36 4.60 486 334 540 1120 2220 3360 4620 5520 22.69 1046  14.18
StdDev  0.29 0.19 021 054 055 084 084 152 259 164 1.70 0.67 0.48
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
Com'!#11 Average  5.03 4.78 503 408 650 1150 19.75 3050 4550 61.00 24.12 1018  14.63
StdDev  0.10 0.15 016 069 058 058 050 129 191 337 137 0.70 0.42
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
Com'#11 Average  5.70 4.92 522 404 660 1240 22.80 3540 4940 6240 2539 1002  14.52
StdDev  0.22 0.11 013 030 055 055 084 167 207 182 1.14 0.52 0.41
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
CSM#2  Average 5.4 4.69 496 517 735 1530 3150 4545 5840 7120 31.07 779  14.15
StdDev  0.26 0.27 030 054 075 103 154 164 150 147 159 0.68 0.58
Count 20 20 20 20 20 20 20 20 20 20 20 20 20
CSM#2  Average 547 4.56 483 516 7.57 14.36 24.86 36.14 51.07 66.86 28.86 8.16  14.48
StdDev  0.29 0.30 033 037 065 093 179 260 237 263  1.31 0.60 0.34
Count 14 14 14 14 14 14 14 14 14 14 14 14 14
CSM#2  Average  5.48 4.58 484 571 834 1559 2897 4156 5581 73.03 31.89 7.41 14.58
StdDev  0.25 0.25 027 056 079 124 210 293 312 297 220 0.48 0.58
Count 32 32 32 32 32 32 32 32 32 32 32 32 32
CSM#2  Average  5.15 4.43 467 435 660 1213 21.07 31.00 4493 6187 2502 9.11 13.65
StdDev  0.27 0.23 025 037 051 083 175 290 386 487 153 0.44 0.62
Count 15 15 15 15 15 15 15 15 15 15 15 15 15
CSM#2  Average  5.41 4.56 482 498 729 1388 2441 3624 5276 69.65 28.33 829 1454
StdDev  0.24 0.27 030 024 047 070 100 171 244 341 088 0.47 0.80
Count 17 17 17 17 17 17 17 17 1T A7 17 17 17
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2004 ASPHALT FILM THICKNESS STUDY
Mn/DOT Test Data

(Based on Production Data)

State TOTAL | ACus ACe PERCENTAGE PASSING SIEVE SA AFT
Project AC | ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SFib) | (Microns) | vMA
CSM#2  Average  5.81 4.94 524 565 9.00 1513 2456 3575 51.63 6556 30.65 8.33  14.27

StdDev  0.21 0.17 019 021 037 050 081 113 154 203  0.71 0.37 0.33
Count 16 16 16 16 16 16 16 16 16 16 16 16 16
Baverly#4  Average  5.54 4.84 512  7.04 1140 2360 4120 51.80 60.40 70.00 40.91 6.10  14.34
Std Dev  0.23 0.13 015 044 055 134 228 268 279 332 174 0.17 0.83
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
Bauerly #4  Average  4.79 4.27 448 549 933 1822 3056 41.78 5511 71.00 33.09 6.60  14.73
StdDev  0.18 0.23 025 028 050 083 142 199 280 245 121 0.38 0.57
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
Baverly#4  Average  5.18 4.63 489 550 9.33 18.83 34.17 4583 56.17 67.50 34.10 6.98  14.02
StdDev  0.35 0.42 046 044 103 172 299 397 462 442 275 0.30 0.91
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
Bit Rdwys #2 Average  5.58 4.50 477 564 850 17.00 30.13 4050 51.63 6575 32.06 726 14.51
Std Dev  0.31 0.24 027 049 093 131 270 396 453 498 189 0.54 0.82
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
BitRdwys#2 Average  5.76 4.76 505 449 733 1507 27.27 36.67 4840 66.07 28.11 8.77 1464
StdDev  0.29 0.29 032 045 062 139 260 352 412 543 1.70 0.63 0.74
Count 15 15 15 15 15 15 15 15 15 15 15 15 15
BitRdwys #2 Average  5.30 4.47 472 505 750 1550 2950 40.83 5050 62.17 29.89 769  14.35
StdDev  0.25 0.24 027 043 055 055 207 271 302 248 133 0.26 0.61
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
Bit Rdwys #2  Average  5.22 4.42 466 507 838 14.38 20.85 28.69 4169 63.77 27.61 823  14.91
StdDev  0.22 0.32 035 039 065 065 134 149 206 392 095 0.76 0.66
Count 13 13 13 13 13 13 13 13 13 13 13 13 13
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2004 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)

State TOTAL | ACe ACer PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (By Agg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SFib) | (Microns) | VMA
CSM#2  Average  5.93 5.00 531 497 752 13.83 2426 3596 51.91 67.26 28.30 916  14.45
StdDev  0.27 0.27 030 039 090 107 105 130 178 258 157 0.61 0.41
Count 23 23 23 23 23 23 23 23 23 23 23 23 23
Bauerly #4 Average  5.41 4.94 522  6.05 1036 2129 41.36 5257 60.93 70.71 38.13 6.68  14.26
StdDev  0.18 0.19 021 041 074 240 300 250 227 220 227 0.43 0.70
Count 14 14 14 14 14 14 14 14 14 14 14 14 14
Bauerly #4 Average  4.95 4.43 466 521 880 1720 3050 41.90 54.30 7020 31.97 713 1445
StdDev  0.22 0.22 024 053 092 155 227 269 3.02 349 243 0.56 0.60
Count 10 10 10 10 10 10 10 10 10 10 10 10 10
Bauerly #4 Average  5.33 4.94 522 483 7.89 16.67 32.89 4478 5456 6522 31.14 819  14.23
StdDev  0.23 0.36 039 050 078 158 247 307 354 360 246 0.60 0.66
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
BitRdwys#2 Average  5.44 4.61 483 465 6.80 1351 2468 3319 4241 5424 24.63 762 1267
Std Dev  2.01 1.94 194 192 215 450 972 1393 1833 2419 960 2.43 4.35
Count 11 11 11 1 11 11 11 11 11 11 11 11 11
BitRdwys#2  Average  5.76 4.84 513 360 620 13.80 26.10 3550 46.85 63.75 25.26 9.92  14.43
Std Dev  0.31 0.29 032 050 070 095 238 312 369 425 1.79 0.75 0.68
Count 20 20 20 20 20 20 20 20 20 20 20 20 20
BitRdwys#2 Average  5.28 4.53 479 403 6.00 1367 2817 39.17 4883 60.00 26.38 8.86  14.27
StdDev  0.25 0.20 022 044 063 121 248 349 376 385 1.94 0.60 0.73
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
BitRdwys#2  Average  5.39 4.51 476 416 7.2 1329 2059 2812 4124 62.65 24.96 9.31 14.46
StdDev  0.25 0.33 036 044 060 069 166 212 295 401 145 0.74 0.53
Count 17 17 17 17 17 17 17 17 17 1T 17 17 17
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2004 ASPHALT FILM THICKNESS STUDY
Mn/DOT Test Data

(Based on Production Data)

State TOTAL |  ACer ACar PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (By Agg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SFib) | (Microns) | vimA
BitRdwys#2 Average  6.16 5.71 6.09 911 1143 12.86 14.00 1500 18.14 2929 31.77 949 1717
StdDev  0.13 0.13 015 137 172 168 183 183 212 243 420 1.35 1.63
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
BitRdwys#2 Average  5.80 4.72 501 575 883 1850 33.83 44.83 5583 7017 34.01 718  14.37
StdDev  0.23 0.27 030 042 041 055 117 133 117 183  1.02 0.58 0.82
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
McNamara Average  5.13 4.47 471 470 7.33 1367 2367 3433 4967 6500 27.37 839  15.50
StdDev  0.21 0.15 017 026 058 058 115 231 473 656  0.87 0.45 1.77
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
McNamara  Average  5.79 4.98 528 542 833 1467 2533 3744 5389 69.00 30.15 855  15.60
StdDev  0.23 0.31 034 038 050 1.00 141 265 404 367  1.68 0.63 0.55
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
McNamara Average  5.93 5.07 539 547 7.0 14.00 29.00 42.67 5567 68.33 30.21 8.68  15.03
StdDev  0.06 0.06 006 025 000 000 100 153 231 289 0.36 0.19 0.45
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
Midwest#1 Average  6.37 5.23 559 568 10.00 21.00 37.33 48.83 60.50 76.67 36.48 748 1582
StdDev  0.16 0.27 030 057 089 110 207 214 187 121  1.90 0.62 0.90
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
Midwest#1 Average  6.18 5.10 544 590 944 2033 36.56 4822 5867 70.33 35.94 738 14.67
StdDev  0.18 0.18 020 058 073 112 194 186 158 240  1.82 0.42 0.81
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
Midwest#1  Average  5.92 4.84 514 586 920 2040 37.20 48.60 58.80 70.00 35.86 6.99  14.48
StdDev  0.11 0.15 016 036 045 055 045 1.14 148 158  0.89 0.30 0.61
Count 5 5 5 5 5 5 5 5 5 5 5 5 5
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2004 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)

State TOTAL | ACes ACa PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (sFib) | (Microns) | vMA
BitRdwys#2  Average  6.24 5.73 6.11  8.49 1071 1257 1357 1500 17.86 2829 30.16 10.06  17.13
StdDev  0.28 0.29 033 120 170 190 230 231 219 221 410 1.69 1.36
Count 7 7 7 7 7 7 7 7 7 7 7 7 7
BitRdwys#2  Average  6.04 4.91 523 488 7.88 17.00 33.50 44.88 5650 71.25 31.59 8.08  14.35
StdDev  0.34 0.32 036 056 064 076 207 223 227 266 136 0.67 0.85
Count 8 8 8 8 8 8 8 8 8 8 8 8 8
McNamara Average  5.20 4.43 468 438 667 1217 2200 3417 4917 64.00 2572 8.86  14.68
Std Dev  0.21 0.25 027 025 052 075 126 183 264 400 1.30 0.51 1.12
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
McNamara Average  5.54 4.71 499 495 725 12.88 2319 3644 5256 68.00 27.76 878  14.98
StdDev  0.21 0.21 023 051 068 089 117 141 190 273 164 0.69 0.62
Count 16 16 16 16 16 16 16 16 16 16 16 16 16
McNamara Average  5.82 5.10 542  4.88 6.33 1167 2667 4150 54.83 67.17 27.70 952  15.00
StdDev  0.12 0.14 016 012 052 052 052 122 075 117 033 0.36 0.23
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
Midwest#1 Average  6.10 5.30 564 420 844 1856 3511 4811 5944 7489 31.99 8.61 15.82
StdDev  0.14 0.21 022 040 101 124 196 215 159 154  1.62 0.58 0.61
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
Midwest#1  Average  6.01 517 550 414 728 17.33 3450 47.00 57.44 68.89 30.45 8.82  15.01
StdDev  0.17 0.20 021 051 067 091 142 178 169 181  1.31 0.54 0.51
Count 18 18 18 18 18 18 18 18 18 18 18 18 18
Midwest#1 Average  5.80 4.95 525 441 7.83 17.92 3458 47.08 57.83 7017 31.45 8.16  14.79
StdDev  0.10 0.20 021 044 072 090 162 173 140 212  1.40 0.68 0.50
Count 12 12 12 12 12 12 12 12 12 12 12 12 12

D-68




2004 ASPHALT FILM THICKNESS STUDY
Mn/DOT Test Data

(Based on Production Data)

State TOTAL |  ACes ACar PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (sFib) | (Microns) | vMA
Tower  Average  5.38 4.45 470 6580 950 14.75 23.75 33.00 48.00 7125 30.95 740 1475
StdDev  0.21 0.19 021 026 058 096 171 163 163 126  1.39 0.08 0.72
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
Tower  Average  5.20 4.52 477 592 889 1567 26.33 36.00 50.00 70.89 30.27 768  15.54
StdDev  0.25 0.30 032 053 060 122 229 265 300 389 135 0.45 0.83
Count 9 9 9 9 9 9 9 9 9 9 9 9 9
Tower  Average  5.81 5.21 553 6.5 10.13 22.30 3952 51.48 6143 7157 37.38 7.21 16.08
StdDev  0.26 0.28 031 037 063 102 181 217 257 289 162 0.34 0.52
Count 23 23 23 23 23 23 23 23 23 23 23 23 23
Tower  Average  5.42 4.79 507 6.85 11.00 21.84 37.42 4895 61.05 7579 39.23 6.30  15.28
StdDev  0.22 0.23 025 027 047 090 161 230 259 317 125 0.28 0.64
Count 19 19 19 19 19 19 19 19 19 19 19 19 19
Tower  Average  5.27 4.63 489 637 10.00 20.00 34.67 4567 57.33 72.33 36.43 6.54  14.37
StdDev  0.25 0.29 032 086 100 100 153 306 416 404 198 0.39 1.42
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
Tower  Average  5.70 4.90 520 6.07 867 12.00 18.33 26.00 38.33 60.33 26.65 955  15.53
StdDev  0.17 0.17 019 068 058 100 231 436 588 751 214 1.07 0.75
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
RiverCity#3  Average  5.83 5.08 539 4585 7.00 13.75 24.75 3950 50.25 61.50 27.95 947  15.28
StdDev  0.22 0.17 018 031 082 377 727 443 340 311 343 0.86 0.46
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
RiverCity #3  Average  5.52 4.51 478 518 7.63 14.81 28.00 4013 51.13 64.31 29.76 789  13.96
StdDev  0.42 0.44 049 064 089 142 231 233 307 296 250 1.21 0.71
Count 16 16 16 16 16 16 16 16 16 16 16 16 16
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2004 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)

State TOTAL |  ACes ACar PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (ByAgg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (sFib) | (Microns) | vMA
Tower  Average  5.43 4.48 473 563 825 1375 2175 32.00 4725 72.00 27.78 8.31 14.60
StdDev  0.26 0.17 019 043 096 096 206 231 320 356 205 0.37 0.36
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
Tower  Average  5.29 4.64 490 552 839 1506 24.89 35.00 4867 69.78 28.85 8.30  15.05
StdDev  0.28 0.24 026 050 061 1.00 160 203 222 284 136 0.59 0.60
Count 18 18 18 18 18 18 18 18 18 18 18 18 18
Tower  Average  5.67 5.29 561 575 962 2218 39.13 50.87 60.95 71.03 36.28 753  16.01
StdDev  0.19 0.22 023 035 063 100 152 176 192 231 141 0.37 0.45
Count 39 39 39 39 39 39 39 39 39 39 39 39 39
Tower  Average  5.44 4.90 518  6.30 10.33 21.48 3625 48.03 59.90 7435 37.52 6.73  15.31
StdDev  0.17 0.14 016 029 047 064 132 186 215 238 1.04 0.26 0.47
Count 40 40 40 40 40 40 40 40 40 40 40 40 40
Tower  Average  5.30 4.72 498 582 933 1950 3350 4417 55.83 7017 34.62 7.02 1425
StdDev  0.23 0.19 021 058 103 105 1.87 271 343 440  2.00 0.37 0.64
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
Tower  Average  5.57 4.80 508 581 818 1273 19.09 27.18 40.82 64.09 26.54 935  15.42
StdDev  0.21 0.13 014 030 060 079 122 204 3068 444 117 0.59 0.50
Count 11 11 11 11 11 11 11 11 11 11 11 11 11
RiverCity #3  Average  5.90 5.18 551 457 6.67 13.33 2433 39.67 5067 6250 27.16 10.00  14.97
StdDev  0.37 0.24 027 039 082 367 625 361 273 308 3.20 1.40 0.64
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
RiverCity#3  Average  5.56 4.72 500 439 660 13.83 28.07 4090 5233 6510 27.73 8.81 14.44
StdDev  0.35 0.37 041 037 072 105 186 220 272 292 155 0.95 0.61
Count 30 30 30 30 30 30 30 30 30 30 30 30 30
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2004 ASPHALT FILM THICKNESS STUDY
Mn/DOT Test Data

(Based on Production Data)

State TOTAL | ACes ACaer PERCENTAGE PASSING SIEVE SA AFT
Project AC | (ByMix) | (By Agg) | #200 | #100 | #50 | #30 | #16 | #8 | #4 | (SFib) | (Microns) | vMA
RiverCity #3  Average  5.80 4.30 457 483 800 1367 22.00 31.00 47.00 72.33 27.52 813 1550
StdDev  0.35 0.36 040 042 1.00 153 200 200 200 153 224 1.12 0.56
Count 3 3 3 3 3 3 3 3 3 3 3 3 3
RiverCity #3  Average  5.93 4.55 484 537 817 14.83 2217 31.33 47.00 72.50 28.88 822  15.02
StdDev  0.15 0.14 015 075 133 147 117 137 190 327 246 0.92 0.88
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
RiverCity #3  Average  5.83 4.90 520 475 7.75 1575 30.75 4350 56.75 7225 30.48 831  14.90
StdDev  0.29 0.26 029 030 050 050 1.26 265 287 377 104 0.28 0.55
Count 4 4 4 4 4 4 4 4 4 4 4 4 4
RiverCity #3  Average  5.50 5.02 531 568 10.08 19.58 30.73 4046 54.23 7527 34.22 758  16.08
StdDev  0.20 0.31 033 046 080 130 1.80 200 1.88 328 1.70 0.70 0.64
Count 26 26 26 26 26 26 26 26 26 26 26 26 26
RiverCity #3  Average  5.93 5.42 576 560 817 1950 35.83 47.67 57.67 6833 34.21 821  16.18
StdDev  0.26 0.29 033 085 075 207 293 258 339 350 2.32 0.35 0.44
Count 6 6 6 6 6 6 6 6 6 6 6 6 6
RiverCity #3  Average  5.67 5.15 546 525 809 1836 34.45 47.00 5827 70.73 33.09 8.03 1594
StdDev  0.33 0.39 043 038 054 157 262 349 424 445 199 0.47 0.80
Count 11 11 11 11 1 11 11 11 11 11 11 11 11
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2004 ASPHALT FILM THICKNESS STUDY
Contractor Test Data
(Based on Production Data)
State TOTAL | ACe ACest PERCENTAGE PASSING SIEVE SA AFT

Project AC | (By Mix) | (By Agg) #200\#100\ #50 \ #30 \ #16 | #8 \ #4 | (SF/Lb) | (Microns) | VMA
RiverCity #3  Average  5.88 4.58 487 440 717 13.00 21.00 30.83 46.50 71.83 25.94 9.19 14.95
Std Dev 0.24 0.15 0.17 036 098 155 155 147 122 1.83 1.90 0.84 0.53

Count 6 6 6 6 6 6 6 6 6 6 6 6 6
RiverCity #3  Average 5.78 4.61 4.89 448 7.22 13.33 20.67 29.89 4444 68.89 2594 9.24 14.90
StdDev  0.25 0.19 0.21 075 097 087 087 078 167 237 215 0.78 0.69

Count 9 9 9 9 9 9 9 9 9 9 9 9 9
RiverCity #3  Average  5.70 4.90 520  3.88 6.40 14.80 30.00 44.00 57.20 72.60 27.95 9.06 14.60
StdDev  0.16 0.19 020 029 055 045 071 122 130 167 0.75 0.50 0.41

Count 5 5 5 5 5 5 5 5 5 5 5 5 5
RiverCity #3  Average  5.61 5.15 546  4.94 881 17.73 2917 3965 53.88 74.79 31.41 8.48 16.08
StdDev  0.22 0.36 039 034 073 136 188 1.88 173 274 152 0.75 0.71

Count 48 48 48 48 48 48 48 48 48 48 48 48 48
RiverCity #3  Average 5.78 5.50 5.84 481 7.33 1833 34.33 46.44 55.00 65.33 31.63 9.01 15.99
Std Dev 0.22 0.28 0.31 028 050 245 335 255 255 292 1.98 0.62 0.43

Count 9 9 9 9 9 9 9 9 9 9 9 9 9

RiverCity #3  Average 5.68 5.24 5.56 496 7.56 17.67 33.67 46.72 57.83 69.83 31.92 8.50 16.01
Std Dev  0.33 0.34 037 018 062 185 233 208 223 248 152 0.62 0.73

Count 18 18 18 18 18 18 18 18 18 18 18 18 18

Note: Additional data provided by MnDOT was used in the main body of this report. That data is about comparisons of
agency and contractor cores and tests on split samples. The amount of data is quite large and, as such, the detailed data is not
included in an appendix. The report authors can be contacted if interested.
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APPENDIX E
Code of Federal Regulations (CFR): 23 CFR 637

“Construction Inspection and Approval”
“Subpart B: Quality Assurance Procedures for
Construction”

637.201 Purpose.

To prescribe policies, procedures, and guidelines to assure the quality of materials and
construction in all Federal-aid highway projects on the National Highway System.
637.203 Definitions.

Acceptance program. All factors that comprise the State transportation department's
(STD) determination of the quality of the product as specified in the contract
requirements. These factors include verification sampling, testing, and inspection and

may include results of quality control sampling and testing.

Independent assurance program. Activities that are an unbiased and independent
evaluation of all the sampling and testing procedures used in the acceptance program.
Test procedures used in the acceptance program which are performed in the STD's central
laboratory would not be covered by an independent assurance program.

Proficiency samples. Homogeneous samples that are distributed and tested by two or
more laboratories. The test results are compared to assure that the laboratories are
obtaining the same results.

Qualified laboratories. Laboratories that are capable as defined by appropriate programs
established by each STD. As a minimum, the qualification program shall include
provisions for checking test equipment and the laboratory shall keep records of
calibration checks.

Qualified sampling and testing personnel. Personnel who are capable as defined by
appropriate programs established by each STD.

Quality assurance. All those planned and systematic actions necessary to provide
confidence that a product or service will satisfy given requirements for quality.

E-1



Quality control. All contractor/vendor operational techniques and activities that are
performed or conducted to fulfill the contract requirements.

Random sample. A sample drawn from a lot in which each increment in the lot has an
equal probability of being chosen.

Vendor. A supplier of project-produced material that is not the contractor.

Verification sampling and testing. Sampling and testing performed to validate the quality
of the product.

637.205 Policy.

(a) Quality assurance program. Each STD shall develop a quality assurance program
which will assure that the materials and workmanship incorporated into each Federal-aid
highway construction project on the NHS are in conformity with the requirements of the
approved plans and specifications, including approved changes. The program must meet
the criteria in §637.207 and be approved by the FHWA.

(b) STD capabilities. The STD shall maintain an adequate, qualified staff to administer its
quality assurance program. The State shall also maintain a central laboratory. The State's
central laboratory shall meet the requirements in §637.209(a)(2).

(c) Independent assurance program. Independent assurance samples and tests or other
procedures shall be performed by qualified sampling and testing personnel employed by
the STD or its designated agent.

(d) Verification sampling and testing. The verification sampling and testing are to be
performed by qualified testing personnel employed by the STD or its designated agent,
excluding the contractor and vendor.

(e) Random samples. All samples used for quality control and verification sampling and
testing shall be random samples.

637.207 Quality assurance program.
(a) Each STD's quality assurance program shall provide for an acceptance program and

an independent assurance (IA) program consisting of the following:

(1) Acceptance program.

(1) Each STD's acceptance program shall consist of the following:

(A) Frequency guide schedules for verification sampling and testing which will give

general guidance to personnel responsible for the program and allow adaptation to
specific project conditions and needs.
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(B) Identification of the specific location in the construction or production operation at
which verification sampling and testing is to be accomplished.

(C) Identification of the specific attributes to be inspected which reflect the quality of the
finished product.

(i1) Quality control sampling and testing results may be used as part of the acceptance
decision provided that:

(A) The sampling and testing has been performed by qualified laboratories and qualified
sampling and testing personnel.

(B) The quality of the material has been validated by the verification sampling and
testing. The verification testing shall be performed on samples that are taken
independently of the quality control samples.

(C) The quality control sampling and testing is evaluated by an A program.

(i11) If the results from the quality control sampling and testing are used in the acceptance
program, the STD shall establish a dispute resolution system. The dispute resolution
system shall address the resolution of discrepancies occurring between the verification
sampling and testing and the quality control sampling and testing. The dispute resolution
system may be administered entirely within the STD.

(iv) In the case of a design-build project on the National Highway System, warranties
may be used where appropriate. See 23 CFR 635.413(e) for specific requirements.

(2) The IA program shall evaluate the qualified sampling and testing personnel and the
testing equipment. The program shall cover sampling procedures, testing procedures, and
testing equipment. Each IA program shall include a schedule of frequency for A
evaluation. The schedule may be established based on either a project basis or a system
basis. The frequency can be based on either a unit of production or on a unit of time.

(1) The testing equipment shall be evaluated by using one or more of the following:
Calibration checks, split samples, or proficiency samples.

(i1) Testing personnel shall be evaluated by observations and split samples or proficiency
samples.

(ii1) A prompt comparison and documentation shall be made of test results obtained by
the tester being evaluated and the 1A tester. The STD shall develop guidelines including

tolerance limits for the comparison of test results.

(iv) If the STD uses the system approach to the IA program, the STD shall provide an
annual report to the FHWA summarizing the results of the IA program.
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(3) The preparation of a materials certification, conforming in substance to Appendix A
of this subpart, shall be submitted to the FHWA Division Administrator for each
construction project which is subject to FHWA construction oversight activities.

(b) In the case of a design-build project funded under title 23, U.S. Code, the STD's
quality assurance program should consider the specific contractual needs of the design-
build project. All provisions of paragraph (a) of this section are applicable to design-build
projects. In addition, the quality assurance program may include the following:

(1) Reliance on a combination of contractual provisions and acceptance methods;

(2) Reliance on quality control sampling and testing as part of the acceptance decision,
provided that adequate verification of the design-builder's quality control sampling and
testing is performed to ensure that the design-builder is providing the quality of materials
and construction required by the contract documents.

(3) Contractual provisions which require the operation of the completed facility for a
specific time period.

[60 FR 33717, June 29, 1995, as amended at 67 FR 75934, Dec. 10, 2002]

637.209 Laboratory and sampling and testing personnel qualifications.

(a) Laboratories.

(1) After June 29, 2000, all contractor, vendor, and STD testing used in the acceptance
decision shall be performed by qualified laboratories.

(2) After June 30, 1997, each STD shall have its central laboratory accredited by the
AASHTO Accreditation Program or a comparable laboratory accreditation program
approved by the FHWA.

(3) After June 29, 2000, any non-STD designated laboratory which performs IA sampling
and testing shall be accredited in the testing to be performed by the AASHTO
Accreditation Program or a comparable laboratory accreditation program approved by the
FHWA.

(4) After June 29, 2000, any non-STD laboratory that is used in dispute resolution
sampling and testing shall be accredited in the testing to be performed by the AASHTO
Accreditation Program or a comparable laboratory accreditation program approved by the
FHWA.

(5) After September 24, 2009, laboratories that perform crash testing for acceptance of
roadside hardware by the FHWA shall be accredited by a laboratory accreditation body
that is recognized by the National Cooperation for Laboratory Accreditation (NACLA), is
a signatory to the Asia Pacific Laboratory Accreditation Cooperation (APLAC) Mutual
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Recognition Arrangement (MRA), is a signatory to the International Laboratory
Accreditation Cooperation (ILAC) Mutual Recognition Arrangement (MRA), or another
accreditation body acceptable to FHWA.

(b) Sampling and testing personnel. After June 29, 2000, all sampling and testing data to
be used in the acceptance decision or the IA program shall be executed by qualified
sampling and testing personnel.

(c) Conflict of interest. In order to avoid an appearance of a conflict of interest, any
qualified non-STD laboratory shall perform only one of the following types of testing on
the same project: Verification testing, quality control testing, IA testing, or dispute
resolution testing.

[60 FR 33717, June 29, 1995, as amended at 72 FR 54212, Sept. 24, 2007]

[Source for 23 CFR 637: http://ecfr.gpoaccess.gov/cgi/t/text/text-
idx?c=ecfr;sid=b641282660e0a323b33aab7067e97f6f;rgn=div5:;view=text:node=23%3A
1.0.1.7.25:idno=23:cc=ecft]
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APPENDIX F
Terminology Associated with Precision Statements

Precision statements for various hot mix tests are of interest in this study and

report. Thus, a few definitions are in order (from American Society for Testing and
Materials (ASTM) C 670 and E 177):

“The precision of a measurement process...is a generic concept related to the
closeness of agreement between tests results obtained under prescribed like conditions
from the measurement process being evaluated. ... The greater the dispersion or
scatter of the test results, the poorer the precision.”

“One-sigma limit (1S)—the fundamental statistic underlying all indexes of precision
is the standard deviation of the population of measurements characteristic of the
method when the latter is applied under specifically prescribed conditions (a given
system of causes). The terminology ‘one-sigma limit’ is used in Recommended
Practice E 177 to denote the estimate of the standard deviation or sigma that is
characteristic of the total statistical population.”

“Single operator one-sigma limit—the one-sigma limit for single operator precision is
a quantitative estimate of the variability of a large group of individual test results
when the tests have been made on the same material by a single operator using the
same apparatus in the same laboratory over a relatively short period of time.”
“Multi-laboratory one-sigma limit—the one-sigma limit for multi-laboratory
precision is a quantitative estimate of the variability of a large group of individual test
results when each test has been made to make the test portions of the material as
nearly identical as possible. Under normal circumstances the estimates of one-sigma
limit for multi-laboratory precision are larger than those for single operator precision,
because different operators and different apparatus are being used in different
laboratories for which the environment may be different.”

“Field versus laboratory tests—precision indexes for ASTM methods are normally
based on results obtained in laboratories by competent operators using well-controlled
equipment on test portions of materials for which precautions have been taken to
assure that they are as nearly alike as possible. Such precautions and the same level of
competence may not be practicable for the usual quality control or routine acceptance
testing. Therefore, the normal testing variation among laboratories engaged in quality
control and acceptance testing of commercial materials may be larger than indicated
by the relationship derived from the one-sigma limit for multilaboratory precision. In
this case it is recommended that studies be made to determine the one-sigma limit for
tests made under field conditions and realistic adjustments in specification tolerances
be made accordingly.”
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“Two Standard Deviation Limits (2s) — Approximately 95% of individual test results
from laboratories similar to those in an interlaboratory study can be expected to differ
in absolute value from their average value by less than 1.960 s (about 2 s). [This
index is known as repeatability.]”

o “Difference Two Standard Deviation Limit (d2s) — Approximately 95% of all
pairs of test results from laboratories similar to those in the study can be expected to
differ in absolute value by less than 1.960V2 s (about 2V2 s) = 2.77 s (or about 2.8 s).
This index is also known as the 95% limit on the difference between two test results
[or reproducibility].”
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